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THE  HUMBER  OP  ISOTOPES  AS  A  FUNCTION  OP  THE 
ATOMIC  WEIGHTS  OP  THE  ELEMENTS 


Wi  ;<  I 


w.,y  •.  V. 


E.  P.  OzhlftOT 


D.L  Mendeleev  Attached  great  Impedance  to  the  ratios  between  the  atomic  weights  of  neighboring  ele» 
ments  and  element'aiulogs:  In  some  regularities  found  by  earlier  and  contemporary  workers  he  uw  the  ■seeds* 
of  the  periodic  Uw  [1]. 

Investigations  aiming  at  an  explanation  of  the  ratios  between  atomic  'lights  of  neighboring  elements 
were  underuken  by  several  workers  C2,3,4]  and  some  of  these  studies  [3,4]  make  a  definite  contribution  to  cer- ' 
tain  aspects  of  nnclear  periodicity. 

In  the  present  paper  an  attempt  is  made  to  establish  a  functional  dependence  between  dte  number  of  • 
Isotopes  in  the  periods  and  die  mean  values  of  the  differences  of  the  atomic  wel^its  of  the  elements. 

If  such  a  dependence  could  be  established,  it  would  permit  the  prediction  of  dte  numbernf  isotopes 
in  a  given  part  of  the  periodic  system. 

In  view  of  the  fact  that  a  close  genetic  bond  exists  between  neighboring  and  closely  l0(uted  elensents 
of  the  periodic  system,  as  evidenced  by  the  Isotopic  composition  of  these  elements  fSX  we  have  utilized  in  our  . « 
calcuUtions  not  the  difference  between  neighboring  elements  but  the  averaged  difference  within  the  Mendeleev 
periods.  The  presence  of  nuclear  periodicity  of  the  Llendeleev  type  f2]  Is  adequate  dteoretical  justification  for  ■ 
such  a  procedure. 

In  our  calculations  the  limits  of  the  periods  were  defined  as  the  magnitudes  obtained  as  the  arithmetic 
mean  between  the  atomic  weights  of  the  inert  gases  and  the  alkali  metals.  An  exception  is  made  for  the  end 
of  the  sixth  and  the  start  of  the  seventh  periods  where,  due  to  the  absence  of  element  87  In  nature,  the  dividing 
boundary  was  assumed  to  be  the  atomic  weight  of  radon. 

The  mean  difference  per  element  was  obuined  by  dividing  the  length  of  the  period  in  units  of  atomic 
weight  by  the  number  of  elements.  The  neutron  was  assumed  to  be  an  element  and  was  taken  Into  account  in 
calculating  the  mean  atomic  difference  of  the  first  period. 

Analysis  of  the  dau  brought  to  l<ght  an  interesting  dependence,  involving  the  close  similarity  between  - 
the  values  of  ^  and  the  mean  number  of  isotopes  of  the  Individual  elements. 

The  calculations  and  literature  dau  are  presented  in  Table  L  from  which  we  see  that  the  number  of  iso* 
topes  in  the  periods  known  at  the  present  time  apjwximates  the  number  found  by  the  formula  N*^(wnere  N  Is 
the  number  of  elements  in  a  period,  R  is  the  mean  difference  per  element,  and  r^is  the  exponent  equal  to  ^ 

The  poorest  agreement  In  the  number  of  isotopes  occurs  in  the  sixth  period.  This  might  be  due  to  the  . 
isotopic  composition  of  all  the  elements  of  this  period  having  still  been  studied  Inadequately.  We  may  expect. 

In  fact,  the  discovery  of  a  considerable  number  of  new  isotopes  In  this  part  of  the  periodic  system. 

The  physical  significance  of  the  expression  ^  may  be  revealed  by  analysis  of  the  series  of  isotopes  of  ' 
Individual  periods.  By  an  empirical  method  the  author  derived  a  rule  which  sutes  that  tlte  number  of  Isotopes 
In  a  period  may  be  calculated  from  the  formula  N«  1^,  where  N  it  the  number  of  elements  and  1^  it  the  mean  . 
tabular  difference  per  element: 

L  ,  of  Isotopes  of  the  period  in  nMUS  numbers  . 

number  of  elements  in  the  period  ^  . 


TABLE  1 


jj 

i  f: 


Series  of  elements. 

Limiu  of 

Length  of  per- 

Numerical 

No.  of  isotop< 

ts  in  periods 

periods 

(ends) 

iod  (in  units  of 
atomic  wt.) 

R 

value 
of  if 

Calcd.  from 
formula  N*l^ 

found 

fShpolsky  f6 

H-He . 

5.47 

5.47 

1.82 

2.97 

6"  ♦  n  *  7 

6  ♦  n  *  7 

Li-Ne . 

21.59 

17.12 

2.14 

5.10 

41 

36 

Na-Ar . 

39.60 

19 

2.37 

7.73 

62 

45 

K-Kr  . 

84.59 

46 

2.55 

10.88 

196 

173 

Rb-Xe . 

132.10 

48.51 

2.69 

14.32 

256 

217 

Cs-Rn  . 

222 

90.90 

2.84 

19.38 

620 

296 

Fr-U  . 

238.53 

17.53 

2.50*  • 

9.95 

119** 

80*»" 

Total . . 

1301 

854 

•  Otlculation  performed  for  two  elements. since  the  neutron  does  not  form  isotopeiw 

••  Since  the  Isotopic  composition  of  the  elements  of  the  end  of  the  periodic  system  has  not  been  completely 
established,  the  value  of  R  is  calculated  from  the  first  seven  elements  (including  Np)  and  is  extended  over 
the  whole  12  (Including  97  and  98). 

•  ••  Isotopes  of  elements  97  and  96  are  taken  into  account  [7). 


Magnitudes 
compared 
Atomic  difference 
per  element 
"Isobaric  number" 
per  element 


Periods 


TABLE  2  For  example, 

. —  ■  '  ■  ■■  . . . —  ■  I.  . . . - — the  series  of  isotopes 

/•  - --T-- -  .  I  .  -  of  the  second  period 

- 1 - 2 - 2 - i - 5 - 6 - 2 -  u*-Ne“ has.  period 

Atomic  difference  ^  2.2s  2.5S  3.30  3.50  2.90  2.2  length  of  18.  The 

per  element 

; - -  .r  ■■  . . . .  — - mean  difference  per 

"Isobaric  number 

,  1.50  2.13  2.58  3.24  4.18  2.90  1.9  element  in  units  of 

per  element  . 

atomic  weight  is  2.25. 

The  number  of  isotopes 

according  to  the  formula  is  41,  which  is  close  to  the  number  of  isotopes  found  for  this  period  (38).  An  eAplana* 
tion  was  later  given  of  this  empirical  formula  by  comparing  the  magnitude  of  the  mean  tabular  difference  per  element 
with  our  "isobaric  number". which  can  be  carried  cut  fairly  simply.  For  example,  lithium  has  two  stable  isotopes. 

Li*  and  Li^,  ilie  isotopes  He*  and  Be^  of  shorter  life  periods  will  be  related  to  the  isotopes  of  lithium  by  the  isobars: 

2  •l•2 

"Isooaric  number"  of  lithium  - - =  2. 

2 


1 

2 

3 

4 

5 

6 

7 

2.00 

2.25 

2.55 

3.30 

3.50 

2.90 

2.2 

1.50 

2.13 

2.58 

3.24 

4.18 

2.90 

1.9 

TABLE  3 


Number  of  isotoi 


Series  of  isotopes  of  the 
elements  of  a  period 


n(H)-He 
U-Ne  . 
Na— Ar  . 
K-Kr.  . 
Rb-Xe  . 
Cs— Rn  . 
Fr-U  .  . 


Total 


Predicted  frem 
formula  N*L* 
in  1946  (81 

Found  in  1948 

[9] 

Calc'd  from  Pet¬ 
rovich's  tables 
in  1948  (91 

Found  in  1950 
[6] 

8 

6  n 

8 

6  -t-  n 

45 

33 

36 

36 

50 

44 

54 

AS 

140 

157 

200 

173 

167 

206 

227 

217 

276 

246 

270 

296 

44 

40 

84  ‘ 

80 

720 

733 

879 

854 

On  summing  the  "isobaric  numbers"  of  the  stable  isotopes  of  the  elements  of  the  second  period  and  dividing 
the  result  by  the  number  of  these  isotopes,  we  obtain  a  value  of  2.125  for  the  "isobaric  number"  of  the  elementt  of 
the  second  period,  which  is  close  to  the  mean  atomic  difference  per  element  for  this  period.  "Isobaric  numbers" 
fpi  all  the  periods,  taken  from  Petrovich's  ubles  [9],  are  set  out  in  Table  2. 

•  Calculated  for  the  series  Fr-U  and  extended  over  the  12  elements. 


2 


Thli  table  directly  reflects  the  proportional  dependence  of  tho  isobarlc  imnabers  on  the  nuinber  of  isotopes 
entering  Into  a  series.  .... 

Hence  we  may  assume  that  the  r.«agnltude  l?  or  consists  of  the  atomic  difference  per  element  and 
the  "isobarlc  number"  of  both  magnlindes  calculated  for  thT period. 

By  utilizing  the  formula  N«Jj*  we  succeeded  in  showing  the  trend  .  •  and  number  of  iioupes  discovered  la  .  - 
recent  years. 

Table  3  Illustrates  the  good  agreement  of  the  number  of  calculated  isotopes  with  the  number  subsequently 
found  by  experiment. 

A  defect  of  the  formula  jj*  is  that  die  number  of  Isotopes  calculated  with  its  help  is  dependent  on  var¬ 
iables  -the  discovered  isotopes  of  the  alkali  metab  and  of  the  inert  gases. 

Comparison  of  the  number  of  isotopes  found  by  the  formulas  N- 1?  and  leads  to  the  assumption  that 
the  expression  N*  R ^  to  a  certain  approxlrmtlcn  cjcpresses  the  limiting  number  of  isotopes  in  the  periods  (without 
nuclear  Isomers). 

This  observation  is  also  grounded  o  the  fact  that  in  the  upper  part  of  the  periodic  system  the  Isotopic  compo- 
.;ltlon  of  many  elements  has  rcmalntd  nearly  constant  over  a  perioJ  of  years;  in  the  region  of  the  olelads.  in 
fact,  a  regular  transition  is  observed  from  the  j^rly  stable  active  isotopes  to  the  stable  <mcs  and  then  to  the 
poorly  stable  B’ active  isotopesw 

Consequently,  it  aj^ieared  possible  to  derive  a  general  formula  for  calculatias  of  the  mimber  of  ponible 
isotopes  in  a  given  part  of  the  period  ic  system. 

Thu  formula  will  have  the  following  form: 

S  =  2i4»  ♦  8(|4*  ♦  l^»  )♦  18(14^  ♦  ♦  32R^ Ny- , 

where  R  is  the  mean  atomic  difference  per  element  for  the  periods  designated  by  exponents,  r^  is  the  exponent  equal 
to  ^  N  is  the  number  of  elements  in  the  seventh  period,  equal  to  12  at  the  present  time. 

The  physical  significance  of  the  expression  ^  is  die  product  of  R  and  the  possible  "isobarlc  number"  which 
approximates  to  ^  (Table  4) 

TABLE  4  SUMMARY 

1.  It  is  established  that  the  possible  number 
of  isotopes  in  the  periods  is  a  function  of  the  magni¬ 
tude  of  the  mean  atomic  weights  of  the  elements. 

2.  A  formula  Is  proposed  for  calculation  of 
possible  isotopes  (excluding  nuclear  isomers)  in  a 
given  portion  of  the  periodic  systen^  which  provides 
the  possibility  of  prediction  of  the  number  of  isotopes 
discovered  In  recent  years,  thus  confirming  the  view 
of  D.L  Mendeleev  th^t  the  difference  is  atomic  weights 
may  be  a  "tool"  for  "more  detailed  check  of  the  ex¬ 
perimental  data". 

3.  The  Idealistic  and  agnostic  conclusion 
of  bourgeois  science  about  the  unknowability  of  the  possible  number  of  isotopes  and  about  the  lack  of  correlation 
of  the  number  of  isotopes  with  the  periodic  system  of  D.  L  Mendeleev  fll]  is  refuted. 
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FUSION  DIAGRAMS  OF  THE  TERNARY  SYSTEMS: 
POTASSIUM  SULFATE  -  CHROMATE  -  NITRATE  AND 
SODIUM  SULFATE  “CHROMATE  “  NITRATE 


The  ternary  systems  KjjsO^,  Cr04,  NOj  and  NaJ|s04,  004,  NOj  arc  part  of  Ae  quaternary  reciprocal  system 
of  the  sulfates,  chromates  and  nitrates  of  sodium  and  potassium  which  has  been  studied  in  the  Fused  Salts  Liboratoty 
of  the  N.S.  XurnakAv  Institute  of  General  and  Inorganic  Chemistry  of  the  Academy  of  Sciences  of  Ac  U.S.S.R. 

The  biiury  systems  formed  by  nitrates  and  Ae  conesponding  sulfates  <w  chromates  are  characteriz<*d,  ac¬ 
cording  to  various  authors,  by  Ac  presence  of  a  simple  eutectic  ai»d  by  the  absence  of  compounds  and  solid  solu¬ 
tions: 


K-SO/tKNO,),  [1,2];  eutectic  333*;  97.5‘Jfc  (KNO,)t, 

KjCrO^-xKNC^  [3];  eutectic  336*;  96.5^  (KNO,)x, 

Na,S04-XNaN0,),  [2,4];  eutectic  330*;  90.9%  (NaNO|)s, 

Na,Cr04-(NaN0i),  [3];  eutectic  300*;  Ql'Jfc  (NaNO,>l. 

Our  own  data  (Table  1)  are  A  agreement  wiA  the  literature  data  [3X^ 

TABLE  1  Na|CtO4-tNaN0|)|  Hence  A  Ae  investigated  ternary  systems  the  low- 

^  TTT  vV  *  V ^  lU ' ;T  - zr  meltAg  nitrates  function  as  solvents,  nonreactive  wlA  Ae 

f.N.,Crt3^  ...V.  r  ^  ^  chrom.«..  Due 

0  308  8  302  20  390  to  Ae  depression  of  Ae  crystallizatAn  temperature,  the 

3  308  9  300  |i  25  4 12  presence  of  such  a  solvent  may  lead  A  the  aj^arance  on 

5  308  10  316  ;  30  456  the  liquidus  diagram  of  the  ternary  systems  of  ftelds  of  crys* 

6  307  12  332  35  ;  485  t^lization  of  Aose  phases  which.  A  the  absence  of  a  solvent, 

7  304  15  360  ;  45  i  542  A  the  binary  $ystems.are  formed  only  as  a  result  of  solid-state 

transformatioru  [2.3,5^ 

KiSO^^KtCrO^  [6]>  The  phase  diagram  is  plotted  from  cooling  and.  beating  curves.  A  contAuous  series  of 
solid  »lutions  crystallizes  from  Ae  liquid  melts  of  potassium  sulfate  and  chromate.  Between  the  temperatures  of 
585  and  666*,  correspond  Ag  respectively  a  Ae  polymorphic  transformation  of  pure  K1SO4  and  K|Cr04,  the  a -solid 
Alutions  of  the  hexagonal  modification  undergo  transformation  wiA  formation  of  B-solid  Aluttons  of  Ae  rhombic 
modification. 

NatSOA“Na,CrOi  [71  The  phase  diagram  was  studied  with  the  help  of  cooling  curves  of  melts  of  various 
compositions.  A  liquidus  curve  wiA  a  very  weakly  defmed  mAimum  indicates  the  existence  of  a  contAuous  series 
of  solid  solutions. 

A  transformation  curve  is  alA  found  A  Ae  solid  state,  starting  from  235*  on  Ae  sAe  of  pure  Na2S04  and  from 
413*  on  the  side  of  pure  NsjCrO^ 

In  view  of  the  fact  Aat  Ae  sulfate  and  chromate  exist  rboe  he  specified  temperatures  A  the  form  of  hexa¬ 
gonal  modifications  isomorphous  with  each  other,  while  below  those  temperatures  they  exist  as  isomorphous  rhombic 
modifications,  the  author  A  question  [7]  concludes  that  there  are  two  forms  of  Alid  »lutions  of  the  high-temperature 
hexagonal  a -modification  and  of  the  low-temperatuie  rhombic  B -modification. 

Since  in  Ae  ternary  systems  under  discussion  the  nitrate  is  a  low-melting  Alvent  which  does  lAt  form  either 
compounds  or  mlid  Alut  Ans  with  the  sulfate  and  cluomate,  we  can  observe  the  fields  of  crystallizatAn  of  boA  Ae 
tt-  and  Ae  B -solid  solutions  at  the  liquidus  surface  in  Ae  sodium  system.  The  appearance  of  crystallization  fields 
of  the  two  types  of  Alid  solutions  should  only  occur  with  the  potassium  system  if  it  were  possible  A  conduct  Ae 
determAations  at  temperatures  above  585*. 

The  fusibility  was  studied  by  the  visual-polythermal  method  A  glass  test  Abes.  Supercooling  of  Ae  raelts 
was  avoided  by  stirrAg  wiA  a  platAum  stirrer.  The  temperature  of  appearance  of  Ac  first  crystals  was  measured 


^Na^CrO^ 

-1^ 

Na,CrOi 

t* 

^NajCrOi 

•  t* 

0 

308 

8 

302 

20 

390 

3 

308 

9 

300 

25 

412 

5 

308 

10 

316 

30 

456 

6 

307 

12 

332 

35 

485 

7 

304 

15 

360 

45 

542 

jjlU 


I 


i 
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TABLE  2 

Sections  of  the  ternary  system  K3SO4— KjCr04-(KN0|)| 


I  ' 

n 

III 

IV 

V 

VI 

8‘5tK,Cr04  \ 
92^KNO,),J 

K.SO- 

10^  KjCrO  • 

90^  (KNO|}^ 
-►K.SO^ 

15^K,Ct04> 

85^(KNO,),'^ 

K.SO^ 

20^K,Ci 
(KNI 
—  K,SO, 

W 

(KNO,)t-^ 
^r30^  IC,S04 
170^.  K,CrOi 

(KNO,),- 

K,S04 

«itK,S04 

t* 

-!tK,S04 

t* 

‘?.K,S04 

t* 

WSO4  1 

t* 

^  melt 

• 

<]binelt  1 

f 

0 

398 

450 

'0 

500 

531 

0 

337 

337 

1 

463 

1 

504 

534 

1 

337 

337 

2 

420 

470 

2 

510 

538 

2 

336 

3 

436 

477 

3 

516 

540 

3 

332 

332 

4 

450 

482 

4 

520 

544 

4 

339 

350 

5  . 

5 

496 

S 

528 

5 

550 

5 

363 

5 

374 

6 

474 

6 

500 

6 

535 

6 

554 

6 

386 

6 

397 

7 

489 

7 

511 

7 

540 

7 

558 

8 

420 

i  8 

431 

1 

3 

8  ' 

518 

8 

545 

8 

565 

10 

449 

i  10 

9 

10 

530 

3 

551 

13 

480 

i 

478 

10 

513 

15 

499 

!  14 

498 

11 

521 

1  18 

517 

16 

518 

12 

531 

1  20 

529 

13 

541 

1 

1 

I  TABLE  3 

'  j  Temperatures  of  Start  of  Crystallization  of  Melts  in  the  Ternary  System  NajS04’”NajCr04‘TN»NOj)t  *t  the  Sections 


- i - 1 

1  _  _  n  1 

1 _ _  in 

IV 

(NaNOs),-*' 

|  75^  Na,S04 
'25^^  Na,CrOi 

(NaNO,),— 

l5QPh  Na,S04 
Na,CrO^ 

(NaNO,',-** 

/25^  Na2S04 
175  Na,CrO^ 

(NaNO,)t-* 

/15^  Na4S04 
VSiyi  NatCrO^ 

^  melt 

i* 

l* 

<50  meit 

t* 

^  melt 

t* 

0 

308 

0 

308 

0 

308 

0 

308 

2 

C08 

3 

308 

4 

305 

3 

305 

4 

308 

6 

308 

6 

303 

6 

304 

6 

308 

8 

304 

8 

301 

9 

300 

8 

304 

10 

303 

10 

300 

12 

312 

10 

302 

12 

300 

13 

313 

15 

333 

12 

298 

15 

298 

15 

324 

18 

354 

15 

324 

18 

330 

18 

344 

20 

370 

18 

358 

20 

345 

22 

379 

23 

388 

20 

390 

23 

374 

25 

404 

26 

408 

22 

400 

25  i 

■  387 

28 

417 

29 

426 

25 

422 

30 

433 

30 

435 

33 

452 

30 

460 

35 

464 

34.8 

486 

with  the  help  of  a  nichrome-constantan  thermocouple  of  0.3  mm  cross-section  and  a  17  mV  galvanometer.  The 
enor  in  the  temperature  determirution  was  1-2*.  The  thermocouple  was  protected  against  the  action  of  the  melt 
by  a  glass  sheath.  The  weight  of  the  sample  was  2.5-3  g.  Successive  points  on  the  section  were  obtained  by 
the  method  of  addition. 

I 

The  starting  preparations  were  obtained  by  recrystallization  of  chemically  pure  grades  of  materials: 
sodium  chromate  was  prepared  from  sodium  bichromate  or  chromic  oxide  and  sodium  carboiute  followed  by 
recrystallization. 

i 

)  :  .  L  System  KtSO^—KiCrOi-(KNO<)t.  6  sections  of  this  system  were  investigated  (Table  2). 

I  : 

! 

I 

!  i- 

'  r  . 


6 


vin 


TABLE  3 


Corresponding  to  the  first  four  sections  is  only  one  crystallization  branch,  relating  to  the  separation  of 
solid  solutions  of  potassium  sulfate  and  chromate  (Fig.  1).  On  the  radial  sections  issuing  from  the  nitrate  corner 
are  two  well-<)e fined  branches  corresponding  to  the  crystallization  of  nitrate  and  chromate-sulfate  solid  solutions 
(Fig.  2).  The  liquidus  surface  of  the  ternary  system,  represented  in  Fig.  3,  consists  of  two  fields  conesponding 
to  the  crystallization  of  potassium  nitrate  and  solid  solutions  of  potassium  sulfate  and  chromate. 


The  presence  of  potassium  nitrate,  which  decomposes  at  520-550*  [81  prevented  study  of  the  fusibility  at 
higher  temperatiues;  consequently  the  solid  solutions  crystallizing  in  the  investigated  region  consist  of  the  0- 
modification  which  exists  at  below  585*  [61  The  line  of  joint  separation  of  potassium  nitrate  and  the  0-solid  solu¬ 
tions  has  a  minimum  at  330*  and  the  comp)osltlon  of  96*^  (KN0^2  ♦  KjSO^  K|Cr04. 


Fig.  1.  Sections  I  to  IV  in  the 
system  K,SO4-K,Cr04-tKN0,)|. 


Fig.  2.  Sections  V  and  VI  in 
the  system  KiSO^-KjCtO^KNO,),. 


Fig.  3.  Fusion  diagram  of  the  ternary 
system  K  |ls04,  CrO^  NCV 
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IL  System  Na,SOrtia,C:rOA  <  15  sections  were  investigated  In  the  course  of  the  study  of  thi» 

system.  (Table  3). 

On  the  fiist  two  sections  (Figure  4)  two  branches  are  clearly  visible,  corresponding  to  the  crystalliz* 
ation  of  NaNO|  and  of  solid  solutions  of  Na^SO^ajCrO/.  Section  III  (Figure  5)  has  three  branches,  two  of 
which,  evidently  belonging  to  the  two  types  of  solid  solutions,  intersect  at  a  very  obtuse  angle.  The  crystals 
correspcxiding  to  these  branches  differ  In  outward  appearance,  which  fact  may  serve  as  confirmation  of  the  pre¬ 
sence  of  different  solid  phases.  Two  branches  appear  on  section  IV  (Figure  5);  after  the  8th  point,  however,  'he 


Figure  4  Sections  I  a-ni  II  in  the  System  NajS04-Na,CrO^ 
(M’NOsJl. 


IjT  tr- _ 

melt 

Figure  5.  Sections  III  and  IV  in  the  system  Na^SO^ 
Na,CrO^(NaNO,),. 


outward  appearance  of  the  crystals  changes  appreciably  and  becomes  the  same  as  that  of  the  crystals  separating 
in  sections  1,  U  and  III.  Evidently,  section  IV,  like  section  III,  must  consist  not  of  two  branches  but  of  three.  In 
sections  V  to  VIII(Figure  6)  there  are  two  very  well  developed  branches  corresponding  to  crystals  with  differing 
forms  -  the  two  types  of  solid  solutions.  The  second  branches  of  sections  V,  VII,  VIII  (Figure  6),  XI.  XII  and  XIII 
(Figure  7)  are  imtially  slightly  concave  but  subsequently  become  rectilinear.  In  the  opmion  of  A,  G.  Bergman, 
sections  V,  VII  and  VIII  consist  of  three  branches,  two  of  which  form  very  obtuse  intersection  angles.  Bergman 
therefore  concludes  that  there  u  a  field  of  crysullization  of  some  other  new  solid  phase.  The  sections  from  IX  to 
XV  are  characterized  by  the  presence  of  one  regularly  rising  curve  with  a  weak  concavity  corresponding  to  the 
crystallization  of  solid  solutions  of  sodium  sulfate  and  chromate. 

No  difference  between  the  crysuls  of  the  solid  phases  separating  throughout  the  whole  extent  of  the 
{ section  is  detectable  by  thz  naked  eye. 


22<9>  Na(S04 


On  the  basis  of  the  investigated  sections,  the  fusion  diagram  of  the  ternary  system  NajSO,ftlajCiO^ 
(NaNOj)!  was  plotted  (Figure  8).  There  is  no  doubt  about  the  existence  of  three  fields  of  crystallization:  an 
extremely  small  field  corresponding  to  the  crystallization  of  sodium  nitrate;  a  large  field  corresponding  to  the 
separation  of  ctsolid  solutions  of  sodium  sulfate  and  chromate;  and  a  small  field  adjacent  to  die  Na|CrO^ 
NaNO|  side  corresponding  apparently  to  tht  crystallization  of  the  0 -modification  of  the  solid  solutions  of  sodium 
sulfate  and  chromate.  The  broken  curve  irurks  the  boundary  of  the  internal  field  mentioned  by  A.  G.  Bergmann, 
corresponding  to  the  crystallization  of  some  new  phase. 


Figure-  8.  Sections  V-X  in  the  system  NajSO^ 
Na,aO^(NaNO,),.  . 


Figure  7.  Sections  XI-XV  in  the  system  NajSO^ 
Na*CrO^(NaNO,),. 


In  Older  to  determine  the  crystallization  fields  of  the  various  solid  phases,  however,  it  is  not  always 
sufficient  to  study  only  the  liquldus  surface;  in  some  cases  it  is  necessary  also  to  study  the  solid  phases  them¬ 
selves.  We  attempted  to  clarify  the  prob’*^m  to  some  c«.^nt  by  an  investigation  of  these  melu  with  the  help  of 
heating  and  cooling  curves,  using  a  differentia!  recording  device  on  N.  S.  Kurnakov's  pyrometer.  The  tempera¬ 
tures  of  transformation  of  the  pure  salts  that  we  found  were:  241*  for  Na2S04,  413*  for  Na2Cr04,  and  276*  for  N%NO||, 


4  w  »  « 

308*  M?,Cr^ 

i| 

Figure  8.  Fusion  diagram  of  the  ternary  system  Na|'S04, 
Cr04,  NOg 


Figure  9.  Heating  curve  of  the  melt:  73<5fc  (NaNOj 
♦  17'?t  NajSOg  ♦  10^  NagCrOg. 


which  were  in  good  agreement  with  the  literature  values.  The  same  may  be  said  about  the  transformation  tempera¬ 
tures  in  the  solid  solutions  of  the  binary  system  of  sodium  sulfate  and  chromate.  However,  in  repeated  attempts  to 
study  the  ternary  melts  by  the  method  of  heating  and  cooling  curvet.  (Figure  9)  we  only  detected  the  effects  of 
transfornution  of  sodium  nitrate  and  of  conjoint  tusion  of  mixtures  of  nitrate  with  sulfate-chromate  solid  solution. 
The  effect  of  transformation  of  the  solid  solutions  of  NagSOg-NagCrOg  evidently  overlaps  with  that  of  the  effects 
of  transformation  of  sodium  nitrate  and  of  the  joint  fusion  of  sodium  nitrate  with  the  solid  solution  of  NagSO^ 
NajCrOg.  Due  to  the  fact  that  the  decomposability  of  sodium  nitrate  prevented  investigation  of  melts  other 
than  those  with  a  relatively  low  temperature  of  separation  of  the  Initial  crystals,  which  are  close  to  the  nitrate 
corner  (73-85^  (NaNOglj].  it  is  understandable  that  the  effects  of  transformation  of  nitrate  and  joint  fusion  of  mix¬ 
tures  of  niQate  with  solid  solutions  of  NajSO^-tJagCrOg  must  greatly  predominate  over  all  other  effects,  since  there' 
is  a  large  proportion  of  nitrate  in  the  melt  but  very  linle  of  the  solid  solutions  separating  in  the  form  of  initial 
crystals. 
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THE  DIAGONAL  SECTIONS  OF  THE  QUATERNARY  RECIPROCAL  SYSTEM 
OF  THE  FLUORIDES.  CHLORIDES  AND  CHROMATES  OF  SODIUM  AND  POTASSIUM 


•  N,  S.  Rassonskaya  and  A.  G,  Bergman 

Fuither  data  on  the  quatemary  reciprocal  sy^nem  Na.  KjjF,  Cl,  CrO^  are  presented  in  this  paper. 
Studies  were  previously  made  of  the  fusion  diagrams  of  the  ternary  systems  k||f.  Cl,  CrO^  and  Na||F,  Cl,  CrQi 
[1]  on  the  basis  of  the  prism  shovm  in  Figure  1.  The  ternary  -ec'.p'Ocal  system  Na,  kIIf,  Cl  has  been  inves¬ 
tigated  by  Polyakov  [2^ 

Double  decompositions  at  the  iateial  faces  of  the  prism  of  the  reciprocal  systems  take  place,  accord¬ 
ing  to  the  following  equations,  with  the  thermal  effects  indicated  [3]; 

KjFj  ♦  NajCr04-^NajFj  ICjCr04  -i-  8.24  kcal  per  equiv. 

269.02  319.8  271.90  333.40 

IC|C1|  ♦  Naj004 Na^Clj  ♦  IC|Cr04  0.96  kcal  per  equiv. 

208.34  319.8  196.66  333.40 

KF  ♦  NaCl->NaF  ♦  KCl  ♦  7.28  kcal  per  equiv. 

134.51  98.G3  135.95  104.17 

The  most  stable  diagonal  is  r<iajF|-KgC:04,  whose  tiiermal  effect  is  equal  to  the  sum  of  the  thermal 
effects  of  die  two  other  diagonals:  8.24  =  0.96  4-  7.28. 

Melts  of  the  investigated  quaternary  reciprocal  system  possess,  apart  from  genera!  importance,  prac¬ 
tical  interest  as  salt  baths. 

• 

The  >alts  utilized  In  the  investigation  were  chemically  pijrc  grades  which  i  -re  recrystallized,  then 
dried  at  120*  and  calcined  In  a  furnace  at  500*.  Tempe-atuies  of  appearance  a  :d  disappearance  of  crystals  m 
melts  of  various  compositions  were  determined  visually  12  a  platin.m  crucible,  using  a  Pt“Rh  -AU“Pt-W  thermo¬ 
couple  with  a  diameter  of  0.3  mm  and  a  17  mV  gal ,'aTometer.  T.'.e  readuigs  were  accurate  to  1-2*.  Super¬ 
cooling  of  the  melts  was  prever.  ed  by  i.su'g  a  platui^m  stine:.  * 

Section  of  Na,F,-K^CI,-4CtCrO/  (Figure  1).  Two  sides  of  this  section  are  stable  diagonals  in  Ae  ternary 
reciprocal  systems. 

1.  NaF-KCl,  d. agonal  m  t'ne  system  Na,  KjjF,  Cl,  possesses  according  to  our  data  (Table  1)  an  inflect¬ 
ion-eutectic  point  at  652*  ard  26.^/%  NaF. 

2.  NajFj-i^O^,  a  diago'^al  tn  ‘le  system  Na,  k||f.  OO4,  Us  an  tr.flection  point  at  30^  Na^F* 

and  730*. 

3.  K,C1»-K*Ci04  ras  been  stud.ed  by  S.  F.  Zlemchuzhny  [4  J  ard  again  by  us. 

The  fusion  diagram  contains  a  eutectic  point  at  650*  and  52*^  inflection  at  666*  and 

SO^KjCl,  at  which  intersectior  occurs  cf  »he  crystallization  branches  of  ’he  two  heteiomoiphic  modifications 
of  potassium  chromate. 

Fusibility  in  tfie  dugonal  section  NaiFjfKxCl*- K4Cr04  was  srudied  along  six  cuts  (Table  1, 

Figures  2  and  3). 

The  curves  co^'esponding  to  the  crystallization  ot  NaF,  K,Cr04  and  KCl  intersect  at  an  acute  angle. 
The  branches  coirespondirig  to  »he  separation  of  the  a- and  0 -modifications  of  potasslam  chromate  in  some  cases 
exhibit  very  slight  breaks.  Then  detection  a-’d  the  esublishment  of  the  composition  at  the  Intersection  points 
necessiuted  the  determination  of  the  temperature  of  separation  of  crystals  from  melts  whose  composiuons 
differed  by  1-2*9^  of  added  salt. 
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TABLE  1 


Cuti  in  the  DUgonal  Section  of  N»,F,- KjCl*  -  K,Cr04  in  the  Quaternwy  Reciprocal  Syttcm  Na.  KU  F.  OO^ 
(in  molc*^)  _ _ _ _ 


No. 

Side 

Nap- KCl 

1 

ICut  1  1 

Cut  2 

- 1 

1  Cut  3 

1  Cut  4 

20%K|aO 

80%K,Clp 

35%K,Cr04\ 
65%K,C1,  f 

■^Na2F,; 

;  60%  K,Ci04^^  [  20%  Na,Fi 

40<7,K,C1,  J  *  *i  80%K,Clt^ 

--K,Q04 

%NaF! 

t* 

%Na,F, 

-7 — 1 

•^NaiF,  .  .  _ 

f  i 

‘^Na.F,  . 

t*  j  %K,Cr04  i 

r 

1 

0  ’ 

773 

0 

730  1 

1  ^ 

691  1 

0 

678 

2 

5 

748 

s 

704 

;  5  ! 

666  1 

5 

680  1  5  j 

670 

3 

10 

724 

10 

682 

1  10 

642 

10 

655  10  1 

663 

4 

IS 

700 

IS 

659  1 

1  15  •• 

623 

:  15  i 

631  15  j 

656 

5  1 

i  20 

680 

20 

639 

!  20  ! 

602 

;  1 

1  620  20  j 

647 

6  j 

1  2S 

661 

25 

646 

'  25  j 

627  i 

;  25  j 

656  25 

C33 

7  ! 

1  30 

674 

30 

673 

30  j 

666  1 

30  ! 

1  686  !  30  1 

630 

8  1 

i  3S 

703 

35 

696 

;  35  j 

697 

■  35 

710  j  35  j 

620 

9  < 

i  40 

730 

40 

720 

:  40  1 

724 

40  ' 

'  734  f  40  1 

605 

10  ! 

!  4S 

753 

45 

747 

^  ! 

752 

45 

758  L  45  i 

613 

11 

.  100 

990 

SO 

770 

100  j 

990 

50 

780  [  50  } 

636 

12  ' 

55 

790 

55 

302  i  55  ; 

666 

13 

60 

812  , 

i  { 

100 

990  :  60  j 

696 

14 

65  i 

836  ; 

1  ! 

1  ! 

1  ?  «  j 

734 

IS 

70 

860 

j  [ 

1  984 

16 

100  : 

990 

;  j 

1 

17 

i 

i  ‘ 

1  1  1 

The  constancy  of  the  transformation  temperature  of  the  a-  and  6-modrf5cation$  of  Kj  3*04(66$*) 
is  evidence  of  the  absence  of  solid  solutions. 

Consequently,  judging  by  the  character  of  the  liquidus  surface  (Figure  4)  alit:  section  — 

KjCrO^  must  be  classed  as  a  stable  section  since  the  fusion  diagram  only  contains  fields  of  crystallization  cor¬ 
responding  to  the  components  forming  this  section-  NaF,  KCl  and  KjCr04.  The  field  cf  cryitallizatson  of  potass¬ 
ium  chromate  on  the  BeS"  isotherm  is  divided  into  two  surfaces  correspond¬ 
ing  to  Its  two  modifications. 

The  fusion  diagram  of  this  stable  diagonal  section  contains  cne 
ternary  eutectic  point  and  one  inflection  point. 

The  fields  of  KCl.  NaF  and  6  K2Cr04  imeet  at  the  ternary  eutec¬ 
tic;  the  latter  corresponds  to  44%  KjCl^  16%  Na*?*  ■#•40%  K^CrO^  and  580*. 

The  inflection  point  corresponds  to  666*  and  the  composition  16% 
KjCli  *  24%  NcjFj  60%  K2Cr04  This  point  is  t£?e  juncture  of  the  stirfaces 
of  crystallization  of  NaF  a-K2Cr04  and  6-K2CrO^ 

Section  NatFt-*NatClt~~KtCiO«  (Figure  1)  The  sides  cf  this  sec¬ 
tion  are.  t  he  binary  system  NajFj— Na2Cl2  and  die  diagonals  Na2F2“K2C^4 
and  Na2Cl2'“ K2Cr04  in  the  ternary  reciprocal  systems  Na,  K  j|  F  004  and 
Na  K||C1.  Cr04. 

The  fusion  diagram  of  the  system  NaF-tJaCl  consists  of  two  curves 
intersecting  at  the  eutectic  point  corresponding  to  674*  and  33%  Naf 

The  polyiherm  of  the  system  N  a2Cl2~  K2Cr04  consists  of  five  branches  correspond  tug  to  the  crystallization  of 
a-  and  e-K,Cr04.  chromglaserite  (3K2Cr04  Na2Cr04),  KCl  and  NaCl.  The  KCl  crystallization  branch  is  very  short/ 
The  point  of  intersection  with  the  diagonal  of  the  line  of  jomt  crysulilzaiion  of  and  chromglaserite  corres¬ 

ponds  to  592*  and  37.5%  Na2Clt. 

The  points  of  intersection  with  the  diagonal  of  the  lines  of  joint  sepaiation  of  chromglaserite  with  KCl  and 
of  KCl  with  NaCl  correspond  respectively  to  540  and  536*  and  the  compositions  47.5%  Na2Cl2  and  53%  Sa2Cl|. 


Figure  1.  Distribution  of 
sections  in  the  prism  of  the 
quaternary  reciprocal  sys-; 
tern  Na.  K  ||  F.  Cl,  004, 


in  the  Dugonal  Section  of  N*,Ff-K,Cl,-K,Cr04  In  the 
Quaternary  Reciprocal  System  Na,  K  F,  O04(in  mole-<5fc) 
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48 

'  612 
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50 
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52 

!  636 

;  28 

654 

53 

642 

j  30  .  I 

1  647 

54 
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!  33  1 

1  636 

55 

!  656 

!  36  { 

I  624 

57 

;  666 

1  39 

1  613  - 

60 

I  687 

i  42  1 

600 

65 

720 

45 

598 

100 
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48 
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1 

j  50  ; 

615 

• 

65  , 

634 

i 

I  100  J 

773 

Fusibility  in  the  diagonal  section  Na,F|-NajClj  — 
1^104  was  examined  along  with  five  cuts  (Table  2.  Figures 
t>  and  % 

The  polytherms  of  the  first  four  cuts  have  two 
branches,  one  of  which  corresponds  to  the  crystallization  of 
NaF.  The  second  crystallizing  phase  (in  the  order  of  the 
cuts)  will  be:  6-K|Cr04.  chromglascrite.  KCl  and  NaCl: 
the  fifth  cut,  extending  from  the  NaF-NaCl  side  to  the  K|Cr04 
apex,  has  five  branches  corresponding  to  the  crystallization 
of  NaCl.  KCl,  chromglaserite,  6-KtCr04and  a-K2Cr04, 

The  crystallization  surface  Stained  on  the  basis  of 
the  investigated  cuts  is  represented  in  Figuie  7.  The  greater 
part  is  occupied  by  the  field  corresponding  to  the  separation 
of  NaF. 


^  cit/ded 

Figure  2  Cuts  2.3.4,6  in  the  diagonal 
section  NajF*  —  K|Clj  —  KjCr04. 


Figure  3.  Cuts  1  and  5  in  the  diagonal 
section  NajFj  -  KjClj -KjCr04. 


The  diagonal  section  Na,F|  -NajCl|  ~  K|CrO^  is  unstable  since  the  liqoidus  surface  consists  of  six  fields 
corresponding  to  crysullization  of  the  three  components  of  this  section  (NaF,  NaCl  and  KjCr04  in  its  two  modifi* 
cations)  and  the  products  of  double  decomposition  (KCl  and  chromglaserite). 

In  the  unstable  section  are  the  points  A,  6,  C  and  D  of  common  phase  sepaiation: 

A*  point  A,  corresponding  to  666*^  and  66*5?)  KjCrO^  20*^  NajClj,  simultaneous  crystal¬ 

lization  occurs  of  a-  KjCr  O4,  6  -K2Cr04  and  NaF. 

At  point  B,  corresponding  to  564*  and  58*5?)  CrO^  ♦  5*^  Na^Fj  +  37*5?>  NaiCl],  crystallization  takes 
place  of  NaF,  B-Kj  Cr04  and  chromglaserite. 

At  pouit  C,  corresponding  to  626’  and  47‘5?)K2Cr04  +  8*?)  NajF|  +  45^  NajClj,  simultaneous  separation 
of  NaF,  KO  and  chromglaserite  occurs. 

At  point  D,  corresponding  to  523*  and  45*5?)  K|Cr04  +  6*5?)  NajFj  -f  49*^  Na^Cli.  theie  is  joint  crystalliz¬ 
ation  of  NaF,  NaCl  and  KCl.  Low-melting  melts  of  both  of  the  sections:  1)  44*?)  K^Clj  +  16*5^  Na,Fj  ♦  4(X5fc  KsCr04 


TABLE  2 

Cut*  in  the  DUgontl  Section  N«|Fj~N*|Clt  —  KjCr04  of  the  Quaternary  Reciprocal 
System  Na,  K  ||  F,  CL  004  (in  mole-^) 


!  WNa,F|  .,HC^  - 

)-*WatFj  ^•«TC|Cr04 


Figure  4  Liqurdus  surface  of  the  diagonal  section  Na,F>J<,Clf1<|Cr04 


Figure  7  Liquidus  surface  of  the  diagonal  section  NajF|“Na,Cl|“K^Cr04. 

with  melting  point  580*  and  2)  KjCrO^  ♦  8<5k  Na^F*  ♦  45*3^  Na^Cl)  (poLnt  Q  wUh  melting  point  526*  are  of 
inteisst  as  salt  baths. 

The  investigated  quaternary  reciprocal  system  is  an  analog  of  the  system  Na.  k|]f.  O,  SO4. 
Comparison  of  these  systems  permits  clarification  of  the  effect  of  replacement  of  the  chromate  Ion  by  the  sulfate 
ion  on  complex  formation  and  on  the  shift  of  the  double  decomposition  reactions. 
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CLASSIFICATION  OF  THE  RECIPROCAL  SYSTEMS  FORMED  BY  THE  ALKALI  METALS 


G.  G.  D.iogenov 


About  200  reciprocal  lyttems  have  been  studied  up  to  the  present  time.  The  Investigation,  at 
A*  Bctsnian  Jl]  has  pointed  out,  hat  involved  25  cations  and  30  anions.  This  U  an  er^ormoiu  project,  but  it 
includes  a  relatively  small  {^portion  of  the  total  number  of  metals  (about  one  third)  and  by  no  means  all  the 
known  anions.  We  are  confionted  with  a  great  and  intricate  ptoblem:  To  investigate  nearly*S0  cations  and 
more  than  10  anions.  Particularly  serious  difficulties  will  be  encountered  and  (we  rhust  hope)  interesting  results  ‘ 
will  be  obtained  in  a  study  of  the  reciprocal  systems  involving  cations  of  the  eighth  group,  also  cations  of  the 
rare*earth  elements  and  ot  some  subgroups  of  Mendeleev's  periodic  system. 

We  can  Justifiably  say  that  the  inclusion  of  these  cations  in  the  project  will  enrich  chemistry 
not  only  by  the  discovery  of  new  compounds  but  by  the  clarification  of  many  problems  relating  to  the  nature  of 
these  cations  and  to  their  special  position  in  the  periodic  system, 

•  The  wealth  of  material  on  the  reciprocal  systems  obuined  by  the  researches  of  a  large 
group,  centered  mainly  in  the  Institute  of  General  and  Inorganic  Chemistry  of  the  Academy  of  Sciences  of  the 
USSR  (Moscow)  but  also  operating  in  other  tow!is  (Rostov-on-Don  Voronezh,  Irkutsk)  enabled  A.  G.  Bergman  as 
far  back  as  1929  to  set  about  classification  of  the  data  [2];  in  thu  tesearch  A.  G.  Bergman  and  N.  S.  Dombrov- 
skaya  divided  all  the  reciprocal  systems  into  three  types:  reversible-reciprocal,  irrevetsible-reciprocal,  Irrevers* 
ible  reciprical  systenu  with  a  pronounced  unilateral  displacement  of  equilibrium  (singular  systems).  This 
classification  was  correlated  with  the  different  thermal  effects  in  double  decompositions:  For  the  first  type  the 
thermal  effect  is  up  to  2  kcal;  for  the  seco.nd  type  it  is  2  to  10  kcal:  for  the  third  type  it  u  over  10  kcaL 

The  basis  of  this  classification  -  the  thermal  effer t  of  the  reversible  reaction  -  proved  to  be 
generally  valid  and  has  facilitated  the  correct  characterization  of  the  type  of  many  reciprocal  systems.'  But  the 
accumulation  of  material  on  reciprocal  systems  with  sharply  defined  complex  formation  and  also  with  solid  solu¬ 
tions  and  polymorphism  compelled  A.  G.  Bergman  to  greatly  widen  and  supplement  the  original  classification. 

In  his  latest  publications  [4]  A.  G.  Bergman  introduces  new  tvpes  of  reciprocal  systems:  diagonal,  a  diagonal; 
mixed,  rectangular  and  transition  types  whose  ctiaracte.istics  are  correlated  both  with  the  thermal  effect  of  the 
reversible  reaction  and  with  the  triangulation  of  the  reciprocal  systems. 

Experiment  shows  that  even  this  broadening  of  classification  does  not  embrace  ail  types  of  ternary 
reciprocal  systems, and  it  is  rot  in  our  opinion  definitive.  We  must  conclude  that  a  broader  classification  of  re¬ 
ciprocal  systems  will  be  created  orly  by  taking  into  account  the  position  of  the  cations  in  Mendeleev's  pe*iodlc 
system,  l.e,,  we  should  start  or-  the  basis  of  a  natu-al  law  which  knows  no  exceptions  and  is  the  preeminent  instru¬ 
ment  for  gaining  insight  i%to  the  nature  of  matter. 

In  the  studv  of  the  alkali  nitrate  and  alkali  chremate  rccip'ocai  systems  with  participation  of 
cations  of  the  main  subgroup  of  the  fi»$t  group  of  the  periodic  system  the  the»mal  effect  of  these  reactions, 
arranged  in  a  definite  order  engaged  our  attention  owing  to  its  periodicity,  further  investigations  showed  that  all 
other  reciprocal  systems  formed  by  alkali  cations  also  exnibited  periodicity  in  then  thermal  effects.  This  observa¬ 
tion  prompted  us  to  take  this  characteristic  as  a  basis  of  classification  of  reciprocal  systems  formed  with  alkali 
metals. 

Our  approach  will  be  claiified  by  a  few  examples  (see  able). 

In  this  table  are  included  10  possible  reciprocal  systems  for  four  pairs  of  anions  (OH’-NOj  OH‘  — 

a*.  OH’  -co;.  F*  -Cl*). 

The  principle  of  ana^gement  of  the  reciprocal  systems  according  to  groups  has  the  following 
basil.  In  the  first  group  ate  included  all  »hose  reciprocal  systems  which  aie  formed  by  adjacent  alkali  metals.  As 
we  see  horn  the  Uble,  the  thermal  effect  of  these  reactions  decreases  in  a  regular  manner.  In  the  second  group  of 
recipcocal  systems  are  included  those  systems  which  are  formed  by  alkali  metals  separated  by  one  other  element 
in  the  periodic  syssia  The  thermal  effect  of  these  systems  also  regularly  declines  from  top  to  bottom.  In  the 
third  group  of  reciprocal  systems  are  brought  those  systems  containing  alkali  metals  separated  from  one  another  in 
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the  periodic  table  by  tvo  elemcnti.  Their  theimal  effect  (in  passage  from  top  to  bottom)  alio  regularly  falla 
The  fourth  group  contains  the  first  alkali  metal  (lithium)  and  the  last  one  In  the  periodic  table  (cesium).  Here 
the  diermal  effect  is  at  a  maxiraum.  -  •  ,  f.  ;  . 

The  fall  in  dtermal  effect  is  a  feature  of  all  the  groups.  The  fcst  systems  in  the  groups  exhibit 
the  most  pronou.iced  duplacement  of  equilibrium:  this  gradually  diminishes  and  reaches  its  lowest  value  in  the 
bottom  of  the  gioups. 

On  comparing  the  horizontal  series  of  the  table,  we  see  that  the  thermal  effect  of  the  respective 
reciprocal  systems  continuously  increases  from  the  first  group  to  the  last.  At  the  start  of  the  series  aie  reciprocal 
systems  with  the  smallest  duplaceinen>^  of  equilibrium  and  there  is  a  gradual  increase  to  a  maximum  In  the  last 
series. 

TABLE 


Reciprocal  systems 


lit  group 

- r 

2.'.d  group 

1 

.  . .  1 

3rd  group 

4th  group  1 

series 

system 

thetmal  1 
effect  1 

t 

(in  kca!), 

syitem  •  thermal 

I  effect 

I  (m  kcal) 

system  .  dermal 

jeffect 
km  kcal) 

system 

thermal 
effect 
fin  kcal) 

1 

U.  Na  gOH.lX), 

li.2 

LLKjiOH.NO, 

17.3 

Li  Rb  IjOH,  NO,  1 

19  1 

LtCsliOHN 

O,  22.0 

2 

Na.K||OH.NO| 

6.1 

Na  Rb|;OH  NOjj 

7.9 

^>a  Csi|OH.N(i 

10.8 

• 

• 

3 

K.W>|10H,N0j 

2.0 

K,  C(|oh,N03|  I 

4.7 

— 

• 

•• 

4 

Rb,Csi]OH,NO, 

3.0 

i 

■  i  "  J 

1 

L*..Na!|OH.Cl 

15.4 

Li  K  i|OH.Cl  i 

21.0 

Li.Rb50.H,CJ 

22  J 

Li.Cs  |}OH.a  25.1 

2 

Ha.K|OH.a 

5.7 

Na.RbjJOH.a 

7.3 

Na.Cs^ORCl 

9.7 

3 

K.  Rb j  OH.a 

i.e 

K.Csj!OH.Cl 

4.0 

— 

4 

Rb.Cs|OK.a 

2.4 

— 

— 

— 

* 

— 

1 

Ll.Na|OH.CO, 

4.3 

Ll.-KilOIlCOj 

6.4 

Li.RbJOU.COj 

6,8 

Li.CsJOH.CO,  7.d 

2 

Na,K  IOH.CO, 

2.1 

Na  RbllOH.CO, 

2.5 

.Na.CspCM.CO, 

2.8 

— 

— 

3 

K.  Rb  80H.CO, 

0.4 

K  Cs|;OH.CO, 

0.7 

— 

— 

— 

4 

Rb,  CstOH.CO| 

0.3 

— 

— 

— 

— 

— 

.  -• 

1 

Li,Na|F.a 

10.2 

li.k-;f.ci. 

18.4 

Li.Rfc‘jF  Cl 

19.9 

Li.C  Jf.CI 

22.6 

2 

Na.KjF.a 

8,2  ; 

Na.RbijF.a 

9,7 

Na  CsjiF.a 

12.4 

— 

— 

3 

K,  Rbjl  F.a 

1.5 

K,Cs[f.C1 

4.2 

— 

- 

- 

— 

4 

Rb.CsIl  F.a 

*.7  j 

•• 

* 

•• 

Co^isequertly.  m  passing  from  one  group  of  reciprocal  systems  to  another  we  observe  that  the 
thermal  effect  regularly  lalls  n  the  lirst  group  thea  sharply  uses  in  the  second  g'oup  then  gradually  falls,  and 
oiKC  again  sharply  fise*  «t  the  start  of  the  tnud  group,  ar-d  finally  again  talU  a'^-d  tharply  n»es  in  the  fourth  group. 

Thus  the  t.ne»mal  etteci  of  reciprocal  sy-iems  foMTied  by  the  alkali  metais  cha^-ges  periodicallv 
within  the  framework  of  the  Merideieev  periodic  group  as  is  clearly  illustrated  in  Figure  1. 

The  foiegor<g  con2ideratioi-s  peirnit  a  r-ew  approach  to  the  problem  of  classification  of  reciprocal 
systems.  The  reciprocal  systems  possible  to?  the  alkali  me^ais  are  divided  ir.^o  ten  types  the  Type  of  tne  system 
being  determined  by  its  place  in  the  table.  Foi  example,  a  sys’em  formed  from  lithium  and  sodium,  independent¬ 
ly  of  the  anions,  will  always  be  located  in  the  first  group  and  fust  seiies  and  is  as  a  rule  an  irreversible  system. 
Systems  formed  from  sodium  and  rubidium  must  go  into  the  second  group  and  second  senes  ot  teciptocal  systc-ms. 
Systems  of  this  type  will  most  usually  be  irreversible-reciprocal  and  their  equilibrium  shift  (tor  a  given  pair  of 
anions)  will  be  greater  than  ir  »vstems  belonging  lo  tiie  first  gioup  and  second  series  of  reciprocal  systems. 


The  chiet  adsantage  of  this  classilication  is  that  it  is  closely  linked  to  the  periodic  system  of  ihe 
elements  and  supplies  an  unequivocal  answer  to  the  question:  What  is  the  character  of  a  given  system  and  how  • 
IS  it  related  to  reciprocal  systems  of  other  pairs  ol  alkali  metals  (lor  a  given  pair  of  anions)t 


Utilization  of  the  proposed  classification  enables  the  effect  of  anions  on  the  equilibrium  shift  in 
reciprocal  systems  to  be  more  easUy  explained.  It  is  cleat  from  the  table,  in  fact,  that  teciptocal  systems  of  one 
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*yp*  («y»tenw  occupying  one  and  the  tame  position  tn  the  classificatiun  table)  with  identical  cations  and  a 
common  ion  (in  our  case  hydroxyl)  have  a  considerably  greater  shift  of  equilibrium  in  the  case  of  the  Cl*  ion  '• 

(radius  1.81  j.,.  a  rather  smaller  shift  if  the  second  anion  is 
NO|**(radius  2.36A).  and  a  quite  insignificant  equilibrium  shift 
when  the  CO^**  ion  (radius  2.57A)  is  ptesent.  This  regular  change 
in  equilibrium  shift  in  the  systems  appears  to  us  to  be  in  direct  cot* 
relation  with  the  magnitude  of  the  ionic  radius.  The  equilibrium 
shift  IS  greater  in  systems  (othei  conditions  being  equal)  in  which 
the  anion  has  a  smaller  radius. 

The  propc.jd  classification  is  valid  in  our  opinion  for  recip* 
local  systems  formed  by  metals  of  one  group  and  does  not  embrace 
leciprocal  systems  formed  by  meta’s  of  different  groups  of  the  peri¬ 
odic  system.  But  this  fact  by  no  means  implies  the  incorrectness  of 
our  considerations;  rather  does  it  show  that  we  have  succeeded  in 
dealing  with  only  part  of  the  co'nplex  and  interesting  problem. 

Other  research  work  possibly  on  a  larger  scale,  on  the  classification 
of  reciprocal  systems  awaits  fresh  investigators  and  the  accumula¬ 
tion  of  supplementary  experime'iui  niateiul. 


Change  of  thermal  effect  of  double  de 
composition  in  reciprocal  systems 
formed  by  the  alkali  metal*. 


Systems:  1)  alkali  nitrate.  2)  alkali 
carbonate,  30alkali  chloride,  4) 
chloride  fluoride. 


1.  The  thermal  effect  of  recijxocal  systems  formed  by  the  alkali  meuls  varies  periodically 
within  die  limits  of  the  groups  of  the  Mendeleev  system. 

2.  The  reciprocal  systems  possible  for  alkali  metals  are  classified  into  ten  types,  the  type  of 
system  being  determined  by  its  position  in  a  table  compUed  on  me  basis  of  the  distance  between  the  alkali  ' 
metals  in  the  periodic  system. 

3.  Equilibrium  in  the  reciprocal  systems  is  displaced  the  moie  strongly  the  smaller  the  radius 
of  the  anion  (with  an  identical  pau  of  cations  and  a  common  anion  -  in  our  case  hydroxyl). 
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CHARACTERISTIC  PROPERTIES  OF  ALKALI  HYDROXIDE-NITRATE  SYSTEMS 

G.  G.  DiogenoT 


The  lystematic  iiudy  of  reciprocal  lystems  of  one  exchange  decomposition  enables  the  observation  of 
certain  regularities  characterizing  the  given  reciprocal  systems  and  underlining  their  difference  from  systems  of 
another  exchange  decomposition.  In  particular,  .ystematic  studies  permit  the  establishment  of  {X'eliminary  state¬ 
ments  about  the  specific  properties  of  the  anions  undergoing  transformations  in  the  systems.  For  example,  it  is 
very  probably  correct  to  say  that  the  OH*  ion  always  increases  the  numer  of  compounds  in  systems,  while  the  NOj|* 
ion  very  often  leads  to  stratification.  The  F*,  Cl*  Br*  and  I*  ions  generally  form  systems  with  a  small  number  of 
compounds  and  the  diermal  effect  of  these  reactions  (for.  a  given  pair  of  cations)  changes  periodically  within  a 
given  group  of  the  periodic  system  of  Mendeleev.  More  singular  systems  are  formed  by  nonmetals  separated  In 
Mendeleev's  periodic  system  by  one  or  two  elements;  systems  with  a  smaller  equilibrium  shift  are  always  formed 
by  nonmetals  arranged  in  Mendeleev's  table  side  by  side.  The  foregoing  observations  are  well  Illustrated  by 
Table  1  and  Figure  1. 

TABLE  1 


Exchange 


Second 


iVI 


decomposition  Series 

Systems 

Thermal 

effect 

Systems 

Thermal 

effect 

Systems 

Thermal 

effect 

Lithium-sodium  1 

Li.  Nall  F.a 

10.2 

U'.Nal!  F.Br 

12.59 

Li.Na»  F,I 

13.82 

2  1 

Li,  NalCl.Br 

2.29 

U.Nal  0.1 

3.52 

3 

Lt.NaliBr.I 

1.23 

Lithium-cesium  1  | 

Li.Csii  F.a 

22.6 

Li.CsIF.Br 

27.78 

Li.CsIF.I  ! 

32.71 

i  * 

Li.Ona.Br 

5.22 

Ll,Cs»a.I 

10.15 

1  3 

U.CsiiBr,! 

4.93 

Similar  regularities  are  exhibited  in  other  halide  exchanges;  but  although  halide  exchange  is  interesting  in 
many  respects,  it  is  not  the  train  subject  of  our  discussion.  In  the  present  paper  we  wish  to  consider  rather  more 
closely  the  alkali  hydroxide-nitrate  exchange  decomposition. which  attracts  our  interest  both  from  the  theoretical 
aspect  (ortho  salts,  stratification,  periodicity)  and  from  the  practical  aspect  since  many  melts  of  the  reciprocal  sys¬ 
tems  of  this  exchange  can  be  recommended  as  heat  transfer  media. 

We  present  the  most  important  properties  of  the  reciprocal  systems  of  alkali  hydroxides  and  nitrates  in  a 
table  and  we  then  discuss  the  data.  The  10  possible  systems  of  alkali  hydroxides  and  nitrates  ate  listed  in  Table  2. 

In  the  first  group  of  this  table  are  arranged  the  reciprocal  systems  formed  by  alkali  metals  occurriri^  side  by  side  in 
Mendeleev's  periodic  system.  Their  thermal  effect  (within  the  group),  and  consequently  also  the  degree  of  sWft  of 
equilibrium, decreases  in  passage  from  top  to  bottom.  The  second  group  contains  reciprocal  systems  formed  by  alk¬ 
ali  metals  which  are  separated  from  one  another  by  one  element  in  the  periodic  system.  Their  thermal  effect,  and- 
consequently  the  degree  of  shift  of  equilibrium, (within  the  group),  likewise  decreases  as  we  pass  from  top  to 
bonom. 

In  the  thrd  group  are  reciprocal  systems  formed  by  alkali  meuls  separated  from  one  another  in  the  period¬ 
ic  system  by  two  elements.  The  thermal  effect  of  these  reversible  reactions  and  the  equilibrium  shift  (from  top  to 
bonom)  also  regularly  decrease.  The  fourth  group  contains  the  reciprocal  system  formed  by  the  first  meul  in  the 
series  (lithium)  and  the  last  metal  (cesium).  Its  thermal  effect  and  the  degree  of  equilibrium  shift  are  at  a  maxi¬ 
mum.  We  thus  see  that  the  thermal  effect  of  reciprocal  systems  formed  by  the  alkali  meuls  changes  periodically 
within  the  first  group  of  the  Mendeleev  system. 

Suble  pairs  in  all  the  reciprocal  systems  are  formed  by  the  alkalis  with  lower  molecular  weight  and 
nitrates  with  higher  molecular  weight  (and,  as  a  rule,  with  higher  melting  point,  except  in  the  system  K,  Rb||OK.NC>|, 
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which  for  tfiat  reason  also  deviates  from  the  general  regularity  in  change  of  thermal  effect  in  the  first  group). 

The  alkali  hydroxide-nitrate  exchange  decomposition  is  characterized  by  the  occurrence  of  stratification 
in  the  six  reciprocal  systems  (Figure  2).  It  is  interesting  that  stratification  is  observed  in  the  second,  third  and 
fourth  groups,  i.e..  in  those  reciprocal  systems  formed  by  alkali  metals  between  which  one  other  metal  is  located 
in  the  periodic  system  (second  group)  between  which  are  two  other  metals  (third  group).6r  between  which  are  three 


Figure  1,  Halide  exchange  decomposition. 

1)  Lithium-sodium  exchange  decomposition; 

2)  lithium  cesium  exchange  decomposition. 


Figure  2;  Alkali  hydroxide-nitrate  exchange 
decomposition  with  stratification. 


other  metals  (fourth  group).  No  stratification  is  observed  in  the  first  group  of  reciprocal  systems.  It  Is  seen  from 
Table  2  that  we  were  unable  to  confirm  all  our  conclusions  experimentally  (due  to  the  absence  of  cesium  com¬ 
pounds),  but  we  are  fully  convinced  of  the  validity  of  our  conclusions  regarding  the  systems  Na.Csil  OH.NOj  and 
Li,Csll0H.N03,  because  they  exhibit  a  more  pronounced  equilibrium  shift  than  systems  preceding  them  and  the 
occurrence  of  stratification  in  them  has  been  experimentally  demonstrated.  In  our  opinion,  stratification  must 
also  occur  in  the  system  K.Csli  OH.NOj,  since  it  belongs  to  the  second  group,  a  characteristic  of  which  is  stratific¬ 
ation.  It  is  usually  considered  that  stratification  is  observed  in  reciprocal  systems  with  a  large  thermal  effect 
(20  kcal  and  more).  We  consider  that  the  magnitude  of  the  thermal  effect  is  by  no  means  a  criterion  for  antici¬ 
pating  stratification  in  reciprocal  systems  Indeed  in  the  alkali  hydroxide-nitrate  exchange  decomposition,  the 
system  Li.  NatiOH.  .NOj  has  a  thermal  effect  of  11,2  kcal  and  yet  no  stratification  is  observed  in  it,  whereas  the 
syste  ns  Na  Rb  I'OH.  NO,  (thermal  effect  7  9  kcal)  and  Na.  Cs|i  OH.  NO,  (thermal  effect  10,3  kcal)  are 
characterized  by  stratification. 

If  stratification  is  possible  in  a  particular  exchange  decomposition  (we  are  speaking  of  systems  formed  by 
metals  of  one  group  of  the  periodic  system),  then  it  will  always  be  observed  in  those  reciprocal  systems  which 
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are  formed  by  metals  separated  from  each  other  in  the  periodic  system  by  one,  two  or  three  elements.  In  the 
last  case  stratification  will  be  at  a  maximum. 

Experiments  show  that  stratification  is  govnned  not  only  by  the  catioiu  but  also  by  the  nature  of  the 
anions.  Stratification  is  observed  most  frequently  oi  all  in  reciprocal  systems  containing  the  NOj*  anion.  For 
example,  stratification  is  observed  aU  along  the  stable  dUgonals  of  TeNO,-AgCl,  KNO,-TlBr,  KNO,-TeI,  as  well 
as  in  the  binary  systems  NaNO>-AgCl.  NaNO,-AgBr,  KNO,-AgCl.  KNO,-AgBr.  It  is  difficult  to  account  for  the 
special  tendency  of  nitrates  to  form  strata,  but  it  is  very  probably  associated  with  the  low  melting  point  of  these 
compounds  and  the  marked  difference  between  their  structure  and  that  of  the  other  componeii  of  the  pair.  We 
can  expect  this  problem  to  be  likewise  clarified  by  further  investigation  of  the  reciprocal  systems  in  other  groups 
of  the  periodic  system  of  the  elements. 

The  following  features  are  also  very  characteristic  of  alkali  hydroxide*nitrate  Interchange:  1)  occurrence 
of  solid  solutions  on  the  sides  formed  by  alkalis:  2)  a  fairly  large  number  of  compounds  in  the  systems:  3)  the 
largest  crysuUization  field  belongs  as  a  rule  to  the  component  with  the  highest  melting  point:  4)  congruent  com¬ 
pounds  exhibit  a  flat  maximum:  S)some  of  the  compounds  are  incongruent;  6)  alkali  hydroxides  and  nitrates 
formed  by  the  same  metals  give  compounds  of  the  type  of  MOH,  MNOj,  where  M  is  an  alkali  metal.  Compoonds 
of  this  type  may  be  regarded  as  acid  salts  of  orthonitric  acid  H1NO4,  in  analogy  with  orthophosphor ic  acid  H1PO4, 

SUMMARY 

1.  Six  reciprocal  systems  of  the  alkali  hydroxide-nitrate  exchange  decomposition  exhibit  stratification. 

2.  Stratification  is  observed  in  systems  formed  by  alkali  metals  which  are  separated  from  each  other  in 
the  periodic  system  by  one,  two.or  three  elements. 

3.  Systems  containing  the  NO|  ion  are  particularly  prone  to  stratification. 

4.  Stable  pairs  of  the  alliali  hydroxide-nitrate  exchange  decompositicn  are  systems  formed  from  alkali 
hydroxides  with  low  molecular  weight  and  nitrates  with  high  molecular  weight. 

The  hydroxyl  ion  generally  increases  the  number  of  compounds  in  the  systems. 
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PROPERTIES  OF  ACIDS  AND  BASES  IN  ACID  SOLVENTS 
V.  POTENTIOMETRIC  STUDY  OF  THE  EFFECT  OF  ANHYDROUS  FORMIC 
ACID  ON  THE  STRENGTH  OF  ACIDS 
A.  M.  ShkodiR.  N.  A.  Izmailov  and  N.  P.  Dzyuba 


In  the  preceding  papers  it  vas  shown  that  anhydrous  formic  acid  has  a  high  leveling  effect  on  bases  [11 
Both  strong  and  extremely  weak  (m  water)  bases  (pK  about  13.8)  acquire  the  same  strength  in  formic  acid.  The 
number  of  substances  developing  basic  properties  m  acid  solvents  in  comparison  with  water  has  been  considerably 
increased,  this  being  bound  up  with  the  donor  (protogenic)  properties  of  acidic  solvents. 

Interest  attaches  to  a  study  of  the  effect  of  acid  solvents  on  the  strength  of  acids.  In  this  coimection  it  is 
a  general  law  that  the  number  of  substances  possessing  acidic  properties  in  solvents  with  an  acid  character  is  con- 
sideriity  smaller  than  in  water.  The  study  of  the  individual  properties  of  acidic  solvents,  however,  has  hitherto 
been  neglected.  Acidic  solvents  vary  both  in  chemical  and  physical  properties  and  these  differences  are  bound  to 
be  reflected  in  the  degree  of  their  influence  on  the  strength  of  acids. 

In  a  series  of  papers  it  was  established  that  acetic  acid  varies  greatly  in  its  effect.  Organic  acids  which 
have  high  acidity  in  water  (e.g.  trichloracetic  acid)  become  so  weak  in  acetic  acid  that  they  do  not  titrate  as  acids 
[2]  and  exercise  a  negligible  caulytic  action  [3].  This  enabled  us  to  effect  fractional  titration  [2]  of  the  mixture 
of  acids: 

HClO^-t^SO^,  HClO^Ha,  CH,C6H4S0,N-HN0,.  . 

Formic  acid  differs  markedly  from  acetic  acid  in  the  magnitude  of  its  dielectr'c  constant  (57),  which 
deteimines  the  electrostatic  interaction  of  ions,  as  well  as  In  the  magnirude  of  the  ionic  product  (pK^^  of  acetic 
acid  is  12.6,  that  of  formic  acid  is  6.3).  It  is  therefore  of  interest  to  study  the  effect  of  formic  acid  on  the 
strength  of  acids.  Ln  the  first  paper  devoted  to  this  problem,  Zanninovich-Tessarln  [4]  arrived,  on  the  basis  of 
cryoscopic  measurements,  at  the  conclusion  that  the  dissolved  acids  become  associated  in  formic  acid.  The 
later  investigations  of  Schlesinger  [5]  showed  that  anhydrous  fOrmic  acid  has  a  high  dissociating  action  on  salts  and 
acids.  An  electroconductivity  study  of  hydrochloric  acid  showed  that  the  degree  of  dissociation  of  hydrogen 
chloride  at  a  molar  concentration  of  0.0111  is  0.86,  while  at  a  concentration  of  0,0518  M  the  value  of  a 
is  0.57. 

Hammett  and  Deyrup  [6]  determined  by  an  indicator  method  the  strength  (first  constant)  of  sulfuric 
acid  aid  benzene  sulfonic  acid.  In  this  solvent  they  proved  to  be  strong  acids.  The  same  authors  obtained  a 
value  of  2  10**  for  the  second  dissociation  constant  of  sulfuric  acid. 

In  the  present  investigation  we  attempted  to  obtain  more  systematic  data  for  the  effect  of  anhydrous 
formic  acid  on  the  strength  of  inorganic  and  organic  acids,  in  view  of  the  theoretical  and  practical  importance 
of  the  problem. 

EXPERIMENTAL 

Anhydrous  formic  acid  was  prepared  by  the  previously  described  method  [1,5].  The  following  acids  were 

studied: 

HCIO4,  HCl.  HtSO*.  CH,C>H4S0,H.  CHjCOOH,  CCljCOOH.  CHjClCOOH; 

(NOjlyCeHiOH  and  CeHaOHCOOH, 

The  first  two  of  these  were  prepared  by  double  decomposition  in  formic  acid: 

Ba(Cl04)4  ♦  H,S04  2HCIO4  ♦  BaS04, 

BaCl*  ♦  FbS04  -►2HC1  ♦  BaSO^. 


The  starting  f*lts  were  pure  grades,  twice  recrystallized  from  water  and  absolute  alcohol.  Barium  salts  were 
selected  because  BaS04  is  the  least  soluble  of  all  barium  salu  in  formic  acid.  The  sulfuric  acid  was  twice 
distilled  over  bichromate.  Admixture  of  1.7  ^  water  to  die  prepared  acid  led  lo  a  content  of  0.02^  water  in 
the  prepared  0.1  M  solutions.  Special  experiment*  showed  that  such  an  admixture  of  water  does  not  affect 
the  potential  of  the  quinhydrone  electrode;  as  was  also  noted  by  Hammett  and  Dietz  [73-  *rb®  precipitates 
of  barium  sulfate  were  not  removed  as  a  precaution  against  absorption  of  moisture  by  the  solvent  during  tae 
later  operations.  As  was  shown  in  later  experiments,  the  precipitate  had  no  appreciable  effect  on  the  results 
of  titration.  The  amounts  of  salts  and  sulfuric  acid  were  so  selected  as  to  give  0.1  M  solutions  of  HCIO4  and 
HCl.  In  this  connection  It  transpired  that  the  double  decomposition  betwee;.  Ba(C104)|  and  i^S04  in  formic 
acid  does  not  proceed  to  completion:  instead  of  the  anticipated  0.1  M  solution  of  chloric  acid,  a  mixture  of 
chloric  and  sulfuric  acids  is  obtained  with  a  total  concenuation  of  0,0885  M,  while  the  proportion  of  chloric 
acid  is  87‘55».  Solutions  of  the  remainirg  acids  were  prepared  by  dissolving  definite  weights  of  the  pure  anhyd¬ 
rous  substances.  The  technique  of  investigation  consisted  in  potentlomeirlc  titration  of  0.1  M  solutions  of  the 
acids  with  0.2  Tvl  pyridine  solution  (pure,  freshly  distilled  ijiaterial)  with  a  lamp  potentiometer.  The  vessel 
used  for  the  titration  ensured  exclusion  of  atmospheric  moisture  and  was  identical  with  that  iised  in  earlier 
work  P-l  The  electrochemical  cell  compound. 

lacld  j  KCl  I  Ka  I 

I  quinhydrone  I  satd. I  said.  I _ * ; 

in  HCOOH  in  H^O 

Titration  was  performed  with  quLnhydrone  and  glass  electrodes.  This  was  dorie  not  only  because  it  was 
of  interest  to  compare  the  obtained  resul's  and  to  secure  supplementary  evidence  for  the  possibility  of  utilizing 
the  glass  electrode  in  nonaqueous  (acidic)  media,  but  also  because  hydrogen  chloride  in  anhydrous  formic  acid 
reacts  with  quinhydrone  and  the  mixture  titrates  like  the  pure  solvent.  ITie  possibility  of  utilizing  the  quin¬ 
hydrone  electrode  in  ftnmic  acid  solutions  has  already  been  demo.nstrated  fl.7].  In  our  work  the  glass  electrode 
has  been  repeatedly  used  for  titration  in  acetic  acid.  Its  potential  was  rapidly  established  and  remained  stable. 
The  possibility  of  using  it  in  acetic  acid  solution  was  demonstrated  by  the  special  investigations  of  Iz.’nailov 
and  Aleksandrova  [8].  Attention  should  be  drawn  to  one  special  feature  of  the  glass  electrode  in  acid  solvents: 
The  potential  of  the  glass  electrode  during  potentiometric  titration  remains  stable  for  some  time  (10>15  titration 
curves),  but  subsequently  the  electrode  potential  is  not  stable.  If  the  inner  solution  (Weibel  solution)  at  the 
electrode  is  replaced  by  fresh  solution,  then  the  electrode  functions  again,  and  the  potential  is  again  stabilized 
but  at  a  value  considerably  lower  than  the  original  potential  in  otherwise  identical  conditions. 

The  plots  of  titration  of  the  acids  at  the  quinhydrone  aivd  glass  electrodes  ochibit  differences  in  the 
alkaline  retjion  (Flg.l).  (We  consider  solutions  containing  an  excess  of  HCCX5"  ions  to  be  alkaline).  The 
potential  jump  at  the  equivalent  point  is  considerably  lower  for  curves  plotted  with  the  glass  electrode. 

However,  the  ratio  of  the  dissociation  constants  of  acids,  calculated  from  the  titration  curves,  was  identical 
for  both  electrodes.  We  were  thus  able,  on  the  basis  of  glass  electrode  data,  to  calculate  the  dissociation  constant 
of  HO, 

Consequently  the  glass  electrode  gives  a  serious  error  in  formic  acid  in  the  alkaline  region,  and  this 
limits  its  application  in  formic  acid  solutions. 

Data  have  been  published  (5)  for  0. 1  M  solutions  of  hydrogen  chloride  in  anhydrous  formic  acid,  but 
we  failed  to  obtain  reproducible  results  for  these  solutions;  titration  values  varied  the  whole  time  even  with  . 
a  reduced  amount  of  HCl,  and  only  after  keeping  the  solution  for  seven  days  were  reproducible  results  obtained 
when  titrating  half  the  amount  of  introduced  acid.  Since  pyridine  and  HCl  form  the  compounds  Py*  2HC1 
and  Py  -  HCl,  the  half  amount  may  be  due  to  the  formation  of  Py  -  2HC1.  This  possibility  was  not  confirmed, 
however,  in  titration  with  sodium  formate  aixl  we  reached  the  conclusion  that  the  variable  results  were  due 
to  volatilization  of  HCl.  In  the  later  experiments  on  HCl  titration,  therefore,  we  used  0.05  M  solution.  The 
potential  of  the  glass  electrode  was  then  satisfactArUy  reproduced  and  the  equivalence  point  on  the  curve  was 
close  to  the  theoretical  value.  The  remaining  acids  did  not  introduce  any  complications. 

In  Fig.  2  are  plotted  the  titration  curves.  Their  character  is  that  usual  for  acid-base  titrations. 

As  in  the  previous  cases  the  effect  of  formic  acid  cn  the  strength  of  the  acids  was  quantitatively  evaluated 
by  calculating  the  dissociation  constants  with  the  help  of  the  Roller  equation  [9]. 

€  =200i/KslDhA, 
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Fig.  1.  Titration  curves  of  Fig.2. '  Titration  curvet  of  acids  in  anhydrous  formic  acid.  1)  Chloric:  2)  toluene* 

toluenesulfonic  acid  in  sulfonic:  3)  sulfuric  with  quinhydrone  electrode:  4)  chloric:  0)  toluenesulfonlc; 

anhydrous  formic  acid.  6)  sulfuric:  7)  hydrochlwic,  with  glass  electrode. 

1)  With  quinhydrone 
electrode:  2)  with  glass 
electrode. 

where  c  is  the  percentage  titer  error: 

A  is  the  potential  jump  in  millivolts  corresponding  to  the  given  titer  error 
multiplied  by  0.158: 

K  1.  Ki/CaKa.  where  Kj  is  the  ionic  product  of  the  solvent;  it  the 
sought  for  dissoci::tion  constant  of  the  acid:  i*  Ae  salt  concentration 

at  the  stoichiometric  point. 

pKi  was  calculated  from  the  titration  data  in  accordance  with  the  procedure  of  Hammett  and  Dietz  [7]. 

The  value  of  pK^  was  co.'rected  for  the  salt  error  by  the  formula 


pKi=pKj4  2A  fir 

where  pK^  is  calculated  from  the  titration  data: 

A  =  0.5(D^q/Dj^(;qOh)^*  :  D  is  the  dielectric  constant:  p  is  the  ionic  strength. 

No  correction  is  introduced  for  the  error  in  the  degree  of  dissociation,  since  the  investigated  acids  and  the  base 
used  for  tiuation  are  substantially  completely  dissociated  in  formic  acid.  The  resultant  value  of  the  ionic 
product  of  the  solvent  in  presence  of  chloric  acid  (the  strongest  acid)  was  equal  to  5.77  in  the  case  of  the 
quinhydrone  electrode.  This  value  was  also  taken  for  calculation  of  the  dissociation  constants  of  acids  in  the 
Roller  formula  cited  above. 

The  obtained  pK  values  for  the  acids  are  listed  in  the  table  side  by  side  with  the  pK  values  of  the  same 
acids  in  acetic  acid,  calculated  by  Izmailov  [10]. 

It  was  found  that  acetic  acid,  the  chloroacetic  acids,  salicylic  acid  and  picric  acid  are  so  weakened  both 
in  formic  and  acetic  acid  that  they  do  not  titrate  as  acids.  This  property  may  be  exploited  for  fractional  titration 
of  mixtures  of  inorganic  and  organic  acids  in  formic  acid  as  solvent.  Thus  the  utilization  of  this  solvent  both 
for  determination  of  bases  [1]  and  for  fractional  titration  of  acid  mixtures  widens  the  potential  scope  of  acid-base 
titration. 

The  dissociation  constant  of  HCl  in  formic  acid  was  calculated  from  the  conductometric  dau  of 


Acid 

PKHCOOH _ 

P*^H,CC)OH 

quinhydrone 

electrode 

glass 

electrode 

Chloric 

0.28 

0.56 

5.80 

Toluenesulfonic 

0.34 

0.73 

— 

Sulfuric 

0.58 

0.94 

8.20 

Hydrochloric 

0.89* 

1.23 

8.85 

Trichloroacetic 

— 

— 

11.46 

TABLE  SchleslDfter  and  Martin  [5X  The  value  of  the 

ni  1  .1  X.  .  r  .  .j  1  *  L  j  >  constant  fw  a  concentration  of  0.0518  M  was 

Dissociation  Constants  of  Acids  in  Anhydrous  Formic  .  ^  . 

.  . .  0.0385,  equivalent  to  pK  =  1.41.  Our  calculations 

give  n  value  of  pK  *  1.23  for  0.05  M  HCl.  The 

Acid  pKhcooh  agreement  for  HCl  indicates  the  accuracy 

quinhydrone  glass  P*^H,COOH  pj^  values  for  the  other  acids. 

—  . .  electrode  electrof^ . —  Hammett  and  Deyrup  [6]  determined 

Chloric  0.28  0.56  5.80  the  second  constant  of  i^SOa  by  an  indicator 

Toluenesulfonlc  0.34  0.73  —  method.  Since  the  v^lue  o' 2*  10* *  for  the 

Sulfuric  0.58  0.94  8.20  second  constant  is  very  close  to  the  value  of  the 

Hydrochloric  0.89»  1.23  8.85  ionic  product  of  the  solvent,  sulfuric  acid  in 

Trichloroacetic  -  —  11.46  formic  acid  may  only  be  titrated  as  a  nwnobasic 

acid.  Titration  of  sulfuric  acid  in  acetic  acid, 

•  pK  was  calculated  from  the  mean  shift  of  pK  of  the  whose  ionic  product  is  2.5- 10“ ”,  shows  that 

acids  as  calculated  from  the  glass  and  gum  hydrone  behaves  like  a  monobasic  acid  In  this 

electrode  titration  curves.  solvent,  probably  for  the  same  reason  (the  value 

of  the  second  constant  of  1%S04  is  close  to  the  ionic  product  of  acetic  acid. 

We  know  that  Kantzsch  correlated  the  effect  of  a  solvent  on  the  properties  of  acids  mainly  with  the 
chemical  transformations  of  acids  under  the  influence  of  the  solvent  due  to  reaction  of  acid  with  solvent. 
Hantzsch  relegated  the  physical  properties  of  the  solvent  to  a  secondary  place.  Comparison,  however,  of  the 
obtained  data  for  acid  strengths  in  acidic  solvents  (formic  and  acetic  acids)  Is  indicative  of  the  very  important 
role  of  the  dielectric  constant  of  the  solvent.  Inorganic  acids  in  formic  acid  (DC  -  57)  are  considerably 
weaker  than  in  acetic  acid  (DC  =  6).  Whereas  acetic  acid  alters  the  strength  of  inorganic  acids  to  such  a 
degree  that  some  of  them  can  be  fractionally  titrated,  the  inorganic  acids  which  are  strong  In  water  remain 
strong  in  formic  acid,  although  they  become  somewhat  weaker  than  in  water. 

SUMMARY 

1.  A  study  was  made  by  the  method  of  potentlometric  titration  of  the  effect  of  anhydrous  formic  acid 
on  the  strength  of  inorganic  and  organic  acids  (chloric,  sulfuric,  hydrochloric,  toluenesulfonic,  trichloroacetic, 
monochloroacetic,  picric,  acetic  and  salicylic). 

2.  It  was  shown  that  inorganic  acids  remain  strong  in  anhydrous  formic  acid;  formic  acid  differs  from 
acetic  acid  in  not  possessing  a  modifying  effect  on  the  strength  of  inorganic  acids,  due  to  the  high  dielectric 
constant  of  formic  acid.  Organic  acids  become  so  weak  in  formic  acid  that  they  do  not  titrate  like  acids. 

This  characteristic  may  be  utilized  for  fracti'*nal  titration  of  mixtures  of  inorganic  and  organic  adds. 

3.  The  dissociation  constants  of  chloric,  sulfuric,  hydrochloric  and  toluenesulfonic  acids  were  calculated 
from  the  titration  data. 
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THE  MOBILITY  OF  HYDROGEN  IN  SOME  ORGA NOSILICON  COMPOUNDS  . 

I.  G.  Khaskin 

Isotopic  exchange  of  atoms  in  C“H  bonds  is  strongly  hindered  or  does  not  take  place  at  all.  An  appreciable 
velocity  is  only  observed  when  this  bond  is  weakened  by  appropriate  substituents,  reagents  or  catalysts.  In 
discussing  the  hindrance  to  exchange  at  C“H  bonds,  A.  L  Brodsky  [1]  suggested  that  rapid  hydrogen  exchange  only 
proceeds  in  presence  of  a  free  electron  pair  at  an  atom  which  is  not  the  exchanging  hydrogen  (N,  O,  Cl,  etc.). 

In  such  cases  the  exchange  reaction  is  associated  with  an  insignificant  activation  energy  since  activation  is  not 
required  for  preliminary  breaking  of  the  element-hydrogen  bond.  Here  the  addition  of  deuterium  and  the  removal 
of  hydrogen  occur  simultaneously. 

The  carbon  in  compounds  is  sunounded  by  an  electron  shell  not  possessing  free  electron  pairs  to  which  the 
deuterium  of  a  suitable  donor  might  be  able  to  add  on  at  a  greater  speed  than  that  at  which  the  rupture  of  one 
of  the  0“H  bonds  takes  place.  Consequently  this  exchange  calls  for  a  high  activation  energy  and  proceeds 
relatively  slowly  and  only  when  the  C—H  bond  is  weakened.  These  speculauons  are  consistent  with  the  marked 
inhibition  of  hydrogen  exchange  in  H“H  and  B-H  bonds,  which  are  likewise  not  surrounded  by  free  electron 
pairs,  and  in  the  ammonium  ion  [2]  where,  in  contrast  to  ammonia  or  amines,  all  the  electron  pairs  are  bonded 
aounJan  atom  of  nitrogen.  In  silicon  compounds,  as  in  compounds  of  its  analog,  (carbon),  all  the  electron  pairs 
are  similarly  bonded.  Thus  the  Si-H  bond  in  organosilicon  compounds  should  resemble  the  C"H  bond  in  exchange 
susceptibility,  and  the  study  of  isotopic  exchange  in  these  compounds  may  serve  to  confirm  the  correctness  of  the 
foregoing  ideas.  Such  an  investigation  is  also  of  interest  in  itself  since  it  has  not  previously  been  undertaken. 

In  this  investigation  hydrogen  exchange  was  studied  in  the  Sh-H  bonds  of  the  silanes  HSi(Csl%)|  and 
HSifCeHs))  and  of  triethoxysilane  HSi(OC]Hg)3.  The  hydrogen  donors  were  heavy  water,  heavy  ethyl  alcohol 
CiHfOD,  and  heavy  diethylamine  DN((^Hs)|. 

The  choice  of  the  organosilicon  compounds  was  dictated  by  their  superior  stability  compared  with 
unsubstituted  silanes,  by  the  presence  of  only  one  Si-H  bond,  and  by  the  presence  of  substituents  with  differing 
degrees  of  elecuonegativity. 

EXPERIMENTAL 

The  starting  material,  silicochloroform,  HSiCla,  was  prepared  by  the  action  of  dry  hydrogen  chloride  on 
silicon  at  300*  (31  After  fractionation  the  product  had  b.p.  32*.  Yield  AA% 

Triethylsilane  HSifCiHjlj  was  prepared  by  reaction  of  silicochloroform  with  a  Grignard  reagent  [41 
After  fractionation  the  product  had  b.p,  107-108*  and  dj*  0.7301.  Yield  52*^)  of  theory. 

Under  the  action  of  alcoholic  potassium  hydroxide  it  is  converted  into  triethylsilanol  with  b.p.  154-156* 
and  dj*  O.bo97.  when  boiled  with  30^  aqueous  alkali  it  forms  hexaethyidisiloxane  with  b.p.  223*;  when  the 
latter  is  heated  with  alcoholic  alkali  it  is  transformed  into  the  same  triethylsilanol. 

Triphenylsilane  HSifCghh),  was  prepared  by  the  same  method  (51  After  distillation  under  reduced 
pressure  (b.p.  180*  at  15  mm)  the  product  solidified  as  a  colorless  crystalline  mass  with  m.p.  36*.  Yield  67^ 
Conflicting  data  about  triphenylsilane  have  appeared  in  the  literature.  Ladenburg  [6]  claimed  to  have 
prepared  triphenylsilane  in  the  form  of  crystals  with  m.p.  200-203*  from  the  corresponding  bromide  by  the 
action  of  an  alkyl  zinc  in  a  sealed  tube.  Kipping  and  Murray  (7)  prepared  triphenylsilane  by  destructive 
distillation  of  cyclosilicotetrane  Si^C|Hj)|  in  the  form  of  an  oil  which  did  not  solidify  at  0*  and  which  was 
converted  by  HBr  into  (CeHjljSiBr;  the  latter  with  5^  NaOH  gave  triphenylsilanol.  Reynolds.  Bigelow,  and 
Kraus  (5).  whose  method  we  repeated  for  the  synthesis,  considered  the  results  of  the  .'.a'-lier  authors  to  be. 
erroneous  and  that  Kipping  had  only  obtained  a  very  Impure  triphenylsilane  as  evidenced  by  the  oily  form. 

Andrianov  and  Soboievsky  recently  (8)  drew  attention  to  the  need  for  checking  the  data  on  this  compound. 
Our  results  have  confirmed  that  Reynolds  and  co-workers  actually  prepared  pure  triphenylsilane. 


For  the  purpose  of  identification  of  our  preparation,  u  was  converted  by  boiling  witti  alcoholic  alkali 
into  a  substance  which  after  three  recrysullizations  from  llgroln  meted  at  151*.  It  did  not  depress  the 
melting  point  of  trii^cnylsilanol  prepared  from  SiCl4  and  MgBrCgH|  [9],  Digestion  of  our  preparation  with 
aqueous  alkali  gave  hexaphenyldisiloxane  with  m.p.  222*.  which  with  alcoholic  alkali  is  converted  into 
the  same  uiphenylsilanol. 

Tricthoxy silane  HSi(OC|Ilg))  was  prepared  m  benzene  solution  from  HSiClj  and  absolute  alcohol  [lOJ. 

The  fractionated  product  had  b.p.  134*  and  d^*  0.8753:  yield  43^  of  theory. 

In  the  woik  in  question  [10]  it  was  found  that  an  increase  in  the  period  of  standing  of  the  reaction 
mixture  led  to  an  Increase  in  the  amount  of  by-product  Si(CC{i^)4  at  the  expense  of  the  main  product.  This 
has  been  ascribed  to  the  reactions: 

HSifOCtH,),  ♦  HCl - >  aSi(OC,Hs)s  ♦  1^5 

aSi(OC,Hj),  ♦  C|!^OH - *■  Sl(OCtH4)4  ♦  HO. 

According  to  the  same  authors,  however,  the  yields  did  not  fall  when  HCl  was  passed  through  in  a 
nitrogen  stream.  We  found  that  pure  HSi(OC|Hs})  is  converted  to  a  very  l?Jge  extent  into  3i(OCsH|)4  when 
heated  in  sealed  glass  ampoules  with  alcohol.  Lowering  of  the  temperature  increases  the  amount  of  unreacted 
material.  The  reaction  proceeds  to  a  slight  extent  even  in  the  cold.  When  the  ampoules  are  opened  a  brown 
gas  escapes  which  had  been  dissolved  under  pressure  in  the  liquid.  For  conclusive  demonstration  of  the 
interaction  of  HSi(OC|Hg)}  with  alcohol,  we  heated  two  ampoules  at  100*  for  125  hours.  The  first  ampoule 
contained  pure  HSi(OCjH5)j.  which  remained  unchanged  after  heating:  the  second  conuined  HSifOCjHj))  and 
absolute  alcohol.  When  the  latter  was  heated  about  one-half  of  tlie  triethoxysilane  was  converted  into 
Si(C)CjHj)4  witii  b.p.  165-166*  end  dj*  0,9308.  Hence  HSi(CK:|H4)j  reacts  with  alcohol  according  to  the 
nucleophilic  scheme: 

HSi(OC,Ht),  ♦  C*H|OH  - »  H^  ♦  Si(OC,H4)4. 

Isotopic  exchange  was  conducted  in  sealed  glass  ampoules  placed  in  a  thermostat.  Conditions  were 

selected  in  which  the 

TABLE  1  silanes  were  relatively 

„  .  ,  .  .  stable.  Water  forms  a 

isotopic  Evenange  of  Hydrogen  in  Trieihylsllane  . 

_  ° _  _ ________  two-phase  system  with 

’■'onor  Catalyst  Temp.  Duration!  Water  density  (in  y  units)  triethylsllane  and  tri- 

(hr^  \  initial*  from  combustion  Itienylsllane.  With 

i  complete  ■  found  alcohol  the  first  forms 

j  I  exchange  of  a  homogeneous  solution: 

.  ;  one  hydrogen:*  with  dicthylamine  both 

_ !  i  calculated  | _  g^e  homogeneous  solutions. 

D.O .  -  Ul6-  SI  i2670  16S  I  0  ^  some  experlmenB  the 

D,0 . H.SO,  'lie  49  >2670  163  !  0  exchange  with  water  was 

D,0 . KOH  :n6  70  1  2670  164  ,  4  Peifotmed  In  homogeneon. 

D,0«  pyridine.  -  lll6  50  '220OO  1220  '  7  Pytiaine  and  dioxan  solution 

DjOadioxan  -  !l00  12  *  3500  212  15  Triethoxysilane  forms  a 

DjOadioxan  H.SO4  *100  IS  i  3500  211  6  tromogeneous  solution  with 

CjHtOD .  -  jlOO  25  7000  296  0  alcohol.  After  completion 

CjHjOD . CH,COONa'll6  117  I  7000  346  0  of  exchange  the  components 

C,H.OD . KHSO,  .118  146  7000  340  0  5"*=' 

DN{C,H.), .  . .  .  -  i  18  18  116130  656  0  »Uanes  contain  a  large  numb 

of  unexchanged  hydrogen 
atoms  per  atom  of  exchange< 
hydrogen,  the  relative  chang 

of  density  of  alcohol  or  water,  even  with  complete  exchange  would  be  small.  After  the  exchange,  therefore,  the 
^  deuterium  content  of  the  silane  was  determined.  The  material  was  calcined  and  the  deuterium  content  of  the 
^  resultant  water  was  determined  by  the  flotation  method.  The  deuterium  content  of  the.alcohol  and  diethylamine 
T-  was  similarly  determined.  The  experimental  results  are  presented  in  Tables  1  and  2. 


!  Catalyst  Temp.  1  Duration;  Water  density 
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(hrQ 

1  initial* 
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i 

from  combustion 
complete  ■  found 

exchange  of 
one  hydrogen:^ 
calculated  t 

DjO . 

- 

|ll6* 

51 
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1  2670 

165 

0 

D,0 . 

H,S04 
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I  2670 

163 

!  0 
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:ii6 
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j  3500 
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6 
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0 
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!ii6 
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1  7000 
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0 
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KHSO4 
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146 

1  7000 
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DNcCjH.),  .  .  .  . 

— 

i 

18 

116130 

656 
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in  the  case  of  alcohol  the  D  content  of  the  hydroxyl  group:  in  the  case  of  diethylamine  the  D  content  of  the 
NH  group. 
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The  triethyl  silane 
was  separated  from  water  in 
a  separating  funnel,  dried 
over  CaClf  and  fractionated. 
Difficulties  accompanied  its 
separation  from  alcohol 
because  an  azeotropic 
mixture  boiling  at  about 
65*  is  formed.  Consequently . 
as  soon  as  the  absence  of 
exchange  with  water  had 
been  established,  the 
alcohol  was  washed  out  with 
water.  The  pyridine  and 
dioxan  were  likewise  washed 
out.  After  exchange  wl^ 
dlethylamlne,  the  trlethyl* 
silane  was  fractionated, 
washed  with  water,  and 
dried  over  CaCls. 

The  water  or  alcohol 
war  distilled  off  ftom  tri- 
phenyls  ilane  and  triethoxysOane 
with  benzene,  as  suggested  by 
Dean  and  Surk,  or  in  vacuum. 
Dlethylamlne  was  separated  by 
distillation.  In  all  cases  the 
HSi<CeH5)s  was  purified  by 
vacuum  distillation. 

HSi(C|i^s  at  room  temperature  in  homogeneous  alcoholic  or  aqueous  dioxan  solutions  decomposes  with 
loss  of  hydrogen  when  a  small  quantity  of  alkali  is  added.  The  OCsH|  ion  has  the  same  effect.  This  is  not 
observed  in  pyridine.  The  catalyst  selected  for  experiments  on  alkaline  catalysis  during  exchange  with  heavy 
alcohol  was  therefore  the  weak  base  CH|C(X)Na. 

HSi(C|H|)|  which  has  been  homogenized  reacts  even  more  vigorously  with  alkali,  losing  hydrogen  even 
in  aqueous  pyridine  solution.  HSi(CCtH(})  reacts  in  a  beaker  even  with  a  base  such  as  alcohol  (sec  above). 

The  data  presented,  and  certain  other  data,  have  limited  the  possibility  of  conducting  exchange  experiments 
in  tlie  conditions  specified  in  the  tables. 

EVALUATION  OF  RESULTS 

From  die  above  results  we  can  conclude  that  even  after  prolonged  heating  with  acid  or  alkali  not  one  of 
the  three  investigated  silanes  undergoes  exchange  with  heavy  water,  heavy  alcohol  or  heavy  dlethylamlne.  The 
negligible  content  of  deuterium  found  In  the  silanes  in  some  experiments  does  not  exceed  a  few  percent  of  the  • 
amount  anticipated  for  complete  exchange  and  may  be  ascribed  to  retention  of  traces  of  water. 

The  analogous  carbon  compounds  exhibit  the  same  behavior  in  respect  to  exchange.  Ttiphenyl methane 
does  not  exchange  hydrogen  with  heavy  water  after  144  hours  at  100*  in  presence  of  alkali  [11];  isob’itane  only 
gives  a  slow  exchange  with  100<i^  sulfuric  acid  containing  tritium  [12].  The  exchange  of  an  orthoformir  c-<ter 
has  not  been  investigated. 

In  conformity  with  its  position  in  the  periodic  system,  silicon  is  less  electronegative  than  carbor.  The 
electronegativity  of  carbon  is  greater  than  that  of  hydrogen,  and  this  brings  about  partial  polarization  ol  the 
bond  susceptible  to  electrophilic  reactions.  When  electrons  are  removed  by  electronegative  substituenu, 
ionization  of  the  hydrogen  may  occur.  Conversely  ,  the  electronegativity  of  silicon  is  less  than  that  of  hydrogen, 
and  hence  the  bond  is  polarized  in  the  reverse  direction:  'Si-H.  In  this  case  exchange  by  an  electrophilic 
mechanism  is  not  very  probable,  and  this  also  makes  nucleophilic  substitution  Improbable.  Thus,  compounds 
of  the  type  of  R,SIH  react  nucleopnilically  toward  caustic  alkali,  amides  of  metals,  alcoholates,  etc.  The 

•  In  the  case  of  alcohol  the  D  content  of  the  hydroxyl  group:  in  the  case  of  dlethylamlne  the  D  content  of 


TABLE  2 

Isotopic  Exchange  of  Hydrogen  in  "DlphenylsUane  and  Trlethoxysllane 
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concept  of  nucleophilic  substitution  reactions  in  silicon  compounds  is  consistent  with  the  possibility  of  complex 
formation  with  probable  completion  of  the  outer  electron  shell  of  Si  to  a  value  of  12  (SlFjj  ,  »alts  of  siliconium 

In  compounds  of  the  I^SiH  type  electronegative  substituents  (R=CcH|,  OCjHj),  which  do  not  cause 
ionization,  increase  the  positive  charge  on  the  Si  atom,  theieby  accelerating  tht  reaction  of  nucleophilic 
substitution  of  the  type  of 

♦  OiR*  — ►^i-OR*  ♦'R;  “R  ♦  A  — ►  (R'  »  H  or  alkyl). 

In  die  case  of  HSlfCgH^i  the  OHion  concentration  of  aqueous  pyridine  solution  is  adequate  for  this 
reaction,  while  HSi(OC|H5}|  reacts  even  with  a  weak  base  such  as  alcohol.  In  the  light  of  this  reaction  we  can 
understand  the  notable  increase  of  yield  in  the  synthesis  of  trialkoxysilanes  in  passing  from  ethyl  to  butyl  [10),  . 
Actually  the  increasing  chain  length  of  the  alkyl  radical^increases  its  positive  inductive  effect,  thereby 
reducing  the  positive  charge  on  the  silicon  atom  of  the  Si^H  bond,  and  in  turn  the  susceptibility  to  the 
nucleophilic  substitution  reaction.  Fluorine  is  even  more  negative  than  cthoxyl,  and  consequently  the 
positive  charge  on  the  silicon  in  HSiF|  is  greater  than  in  HSI(OCjHj)j  and  HSiCl^  The  consequence  of 
this  u  that  when  HSiF3  reacts  with  alcohol  [13]  we  obtain  only  Si(OC|  115)4  and  no  HSlfOCiHf)!: 

2HS1F,  ♦  4C,HgOH  - ►  Si(OC,H6)4  +  H^SlFg  ♦  1^. 


SimUarly  HSiClj  (chlorine  is  more  positive  than  fluorine)  reacts  with  water  in  the  cold  to  give  polymeric 

(  ^°  \  ^ 

sUicoformic  anhydride  \h— — hL.  which  contains  the  SiH  group,  while  HSiF|  gives  silicic  acid 
VlO— Si— OH/jj  . 

The  possibility  of  a  radical  mechanism  cannot  be  excluded  for  hydrogen  exchange  in  the  Sr-^^  bend  if 
we  remember  that  Its  energy  is  12  kcal  lower  than  that  of  the  C“H  bond.  Up  to  now  no  corvincing  evidence 
has  been  obtained  of  a  nucleophilic  mechanism  of  hydrogen  exchange  of  isotopes,  for  which  a  so'ixce  of  FT  ions 
is  necessary.  The  probability  of  such  a  mechanism  is  limited  by  the  low  stability  of  the  negative  hydrogen  ion 
or  of  the  Intermediate  hydride  complexes. 

I  thank  Acting  Member  of  the  Academy  of  Sciences  of  the  Ukrainian  SSR.  A.  L  Enodsky  for  guidance 
and  assistance  In  this  research. 

SUMMARY 

1.  Hydrogen  exchange  is  shown  not  to  take  place  in  the  compounds  HSifC^H^)},  HSt(C3K£),  and 
HSi(OCjHir)|  with  DjO,  CjHjOD  and  DN(CjHe)|,  even  under  prolonged  heating  in  presence  of  acids  and  bases. 

2.  These  data  bring  the  SHH  bond  within  the  terms  of  A.  L  Brodsky's  earlier  theory  of  iso»opi.c 
hydrogen  exchange. 

3.  Reaction  was  found  to  occur  between  triethoxysilane  and  alcohol  with  hydrogen  exchange  at  the 
ethoxy  group. 

4.  Considerations  are  put  forward  which  explain  the  absence  of  exchange  in  the  above  mentioned 
compounds  and  some  peculiarities  of  substitution  reactions  at  S1~H  bonds. 

LITERATURE  CITED 

[1] A.  L  bodsky,  Bull.  Acad  Sci.  likrain.  SSR,  Div.  Chem.  Set,  3(1949). 

[2]  A.  I.  Brodsky  and  L  V.  Sulima.  Proc,  Acad.  Sci.  USSR,  74.  513  (1950). 

[3]  H.  S.  Booth  W.  D.  Stillwell  J,  Am.  Chem.  Soc.,  56.  1529(1934). 

[4]  C.  A.  Kraus  W.  K.  Nelson,  J.  Am.  Chem.  Soc.,  56.  195  (1934). 

[5]  H.  H.  Reynolds,  L  A,  Bigelow  C.  A.  Kraus.  J,  Am,  Chem.  Soc.,  51,  3067  (1929). 

[6]  A.  Ladenburg.  Bcr..  40.  2274  (1907). 

[7] F.  S.  Kipping,  A.  G,  Murray,  J.  Chem.  Soc.,  1929,  360. 

[8]  K,  A.  Andriaimv  and  M.  V.  Sobolevsky,  High-Molecular  Organosilicon  Compounds,  1949.  p.  57. 

[C]  W.  Dilrhey,  F,  Eduardoff,  Ber.,  37,  1140  (1904). 

[10]  M.  E.  Havill,  J.  Jolfc,  H.  W.  Post.,  J.  Org.  Chem.,  13,  280  (1948). 

[11]  M.  S.  Kharash,  W.  G.  Brawn,  J.  G.  McNab,  J,  Org.  Chem,,  2,  36  (1937). 

[12]  T.  D.  Stewart.  D.  Harman,  J.  Am.  Chem.  Soc.,  68,  1135  (1946). 

I  [13]  O.  Ruff.  C.  Albert,  Ber..  38,  53  (1905). 

I  Received  May  7.  1951  Physical  Chemisty  institute 

Academy  of  Sciences  Ukrainian  SSR 

J  32 


REACTIONS  OF  HYDROXIDES  OF  ARYL  MERCURY 


G  A.  Razuyaev  and  G.  G.  Petukhov 


In  our  previous  paper  [1]  on  the  photochemical  reactions  of  phenylmercury  hydroxide  in  various  solvents, 
a  theory  was  put  forward  for  the  dissociation  of  the  hydroxide  into  the  hydroxyl  radical  and  the  phenylmercury 
radical.  The  latter  radical  reacted  with  the  halogen  contained  in  the  solvent  to  form  phenylmercury  halide; 
in  halogen-free  solvents  (alcohol,  ethyl  cellosolve)  metallic  mercury  separated  out  and  benzene  was  formed;  in 
benzene  solution  diphenyl  was  formed.  Separation  of  mercury  may  be  considered  to  proceed  by  one  of  two 
routes:  1)  Directly  from  the  phenylmercury  radical:  or  2)  through  intermediate  formation  of  diphenylmercury 
which  reacts  further  by  the  usual  scheme  [2].  Cleavage  of  Fkt  from  the  C«H|Hg  radical  is  extremely  probable. 

We  know  that  methylmercury  prepared  by  electrolysis  rapid'y  breaks  down  at  the  ordinary  temperature  into 
mercury  and  dimethylmercury  [3). 

In  order  to  resolve  this  problem,  experiments  were  conducted  with  phenylmercury  hydioxide  in  solution 
in  ethyl  cellosolve  and  benzene.  The  reaction  did  not  proceed  to  the  end;  irradiation  was  stopped  when  mercury 
began  to  separate.  Diphenylmercury  was  found  in  solution  in  quantity  equivalent  to  die  separated  mercury 
(Table  2,  experiments  1  and  2). 

CjHjHgOH  +  hi;  - >  C,HjHg'  +  OH* 

2CeH5Hg*  (CgHjHgHgCeHs) - (C,Hs),Hg  ♦  Hg. 

(CeH5),Hg  +  hi; - *  CeH,Hg*  ♦  C,H,*  etc. 

It  may  here  be  permissible  to  suggest  a  symmetrization  reaction  of  the  phenylmercury  hydroxide  by 
analogy  with  the  symmetrizations  of  unsymmetrical  mercury  derivatives.  With  a  view  to  checking  this 
hypothesis  experiments  were  performed  on  the  thermal  decomposition  of  the  hydroxide  in  methanol  solution. 
Among  the  reaction  products  apart  from  metallic  mercury,  benzene  and  formaldehyde,  was  found  diphenyl¬ 
mercury  in  amount  of  12-25‘7o (Table  1).  These  data  conclusively  point  to  symmetrization  of  phenylmercury 
hydroxide  during  thermal  reactions. 

However,  if  the  symmetrization  of  ihe  hydroxide  were  to  be  effected  in  presence  of  ultraviolet  light, 
then  in  halogen-containing  solvents  the  yield  of  phenylmercury  halide  should  not  exceed  SOJfc.  Actually  up  to 
SQPjcoi  phenylmercury  iodide  was  obtained  in  the  photochemical  reaction  of  phenylmercury  hydroxide  in  a 
mixture  of  benzene  and  iodobenzene.  We  can  therefor^  assume  that  diphenylmercury  is  formed  photochemically 
by  the  above  scheme. 

In  this  investigation  a  study  has  also  been  made  of  the  photochemical  reactions  of  arylmercury 
hydioxides  containing  various  substituents  in  the  benzene  ring.  As  with  phenylmercury  hydroxide  the  reactions 
in  ethyl  cellosolve  proceed  according  to  the  general  equation  ’ 

RCeH4HgOH  +  HOCHjCHjOCjHs  +  hv - ^  C4H5R  4  Hg  +  H^O  ♦  2CH,CHO, 

where  R=o-  and  P-CHj;  n-(CH3)jN. 

Mesitylmercury  hydroxide  reacts  in  the  same  way  (Table  2,  experiments  3-€). 

In  benzene  solution  the  hydroxides  of  c-  and  p-tolyl mercury  give  the  same  products  as  phenylmercury 
hydroxide  ui  toluene:  mcthyldiphenyl,  water  and  mercury,  i.e.  substitution  takes  place  in  the  benzene  ring 
(Table  2,  experiments  7  and  8). 

Mesitylmercury  hydroxide  did  not  react  with  benzene  even  after  very  prolonged  irradiation  (200  hours). 
The  difference  between  mesitylmercury  hydroxide  and  the  other  hydroxides  investigated  was  also  reflected  in 
Its  photochemical  reactions  with  chloroform  and  carbon  tetrachloride.  The  mesitylmercury  chloride 
anticip.'.ted  by  analogy  was  not  detected.  Mesitylene  was  found  in  the  chloroform  solution  and  chloromesitylene 
in  the  carbon  tetrachloride  solution.  An  organomercury  compound  insoluble  in  common  solvents  was  obtained 
in  the  latter  experiment  and  must  have  been  formed  by  cleavage  of  the  hydroxyl  from  the  (CH,)^fcH^Hg-  Radical. 


in  both  solvent*  mcrcorJc  chloride  and  calomel  were  formed  due  to  the  chlorinating  action  of  the  solvent  on 
mercury  under  Irradiation.  These  characteristics  of  the  mesityl  radical  were  previously  manifested  In  the 
photochemical  reactions  of  dlmesityl  mercury  [4]  (Table  2,  experlmcnu  9  and  10). 

TABLE  1  _ 


Temp,  of 


Period  of 

heating 

(hours) 


Substance  used 


formaldehyd] 


diphenyl  mercury]  berzeoe 


heatirig 

CC) 


CcH^HgOH 

(8) 


I  0.45  1 12.4  10.36  \  0.3 

m-dinltrobenzene;  formaldehyde  was  Identlflei 


3.6  I  20  i  24  I  200  ll.78  I  88.2 

Note.  In  these  experiments  benzene'  was  Identified  by  conversion  to 
in  the  form  of  the  dimedon  derivative  with  m.p.  188*. 

TABLE  2 


Irradiation 

period 

(hours) 


unchanged 

hydroxide 


Solvents 


Hydroxides 


Quantity 

(ml)  ^ 


Quantity  ' 


Nsmc 


Formula 


Ethyl  ccllosolve 
!  Benzene 
j  Ethyl  cellosolve 
i  Ethyl  cellosolve 
;  Ethyl  cellosolve 
’  Ethyl  cellosolve 
!  Benzene 
Benzene 
Chloroform 
Carbon  tetracnlonde 


i  CcH^HgOH . 

I  Ci  HtHgOH . 

‘  p  CHjCoH^HgOH  . 
.(Ch,)^cH»HgOH  . 
!  (CHjl^NCcH^HgOH 
oCHjCcH^HgOH  . 

•  pCH^oK4rigOH  . 

l(CH0^6l^HgOH  . 


:CcH,HgOH 


Solvent 


2^  component 


Irradiation 
(Ln  hours) 


1st  component 


name 


name 


‘odobenzene 
Ethyl  cellosolve 
isop'opyl  alcohol 
Caibon  tetrachloride 


We  were  unable  to  clarify  the  reaction  cf  Mlmethylaminopbenylmercury  with  carbon  tetrachloride. 
Mercury,  mercuric  chloride  and  calomel  were  found  after  irradiation  of  the  solution,  a  dye  was  also  obtained 
probably  a  member  of  the  triphenylmethane  series,  which  gave  violet  sol.^tions  in  acetone  and  benzene.  The 
color  changed  to  green  under  the  action  of  acids. 

We  see  from  the  experimertal  data  that  the  behavior  of  the  radicals  formed  on  photolysis  depends  on 
nature  of  the  substituenr,  i.e,,  whether  reactioi  s  involving  removal  of  hydrogen  or  halogen  tal^e  place,  while 
aromatic  solvents  substitutior  reactions  take  place,  tt  therefoie  appeared  of  interest  to  perform  photochemici 
reactions  of  phenylmeicury  hydroxide  in  a  mixture  of  two  solvents  in  order  to  establish  the  direction  of  the 
reaction  in  a  given  case.  Phenylmercury  iodide  diphenyl  and  wa»er  were  formed  in  the  photochemical 
reaction  of  phenylmercury  hydroxide  with  iodobenzene  and  benzene.  On  the  basis  of  the  obtained  daQ  we 
may  suggest  that  benzene  entered  into  reaction  with  hydroxyl  to  form  the  phenyl  radical: 

C^H^HgOrt  4  Cci\,\  ♦  hu  — C^rijHgi  ♦  C  ♦  H,0. 


Benzene 

10 

Benzene 

20 

Benzene 

25 

Benzene 

20 

ere  y  para  c  w  en  t  reaction  wai  carried  on  in  a  mixture  of  benzene  and  ethyl  cellosolve;  acetaldehyde 
was  detected  and  a  small  amount  of  diphenyl. 

The  irradiation  of  a  solution  of  phenylmercury  hydroxide  in  a  mixture  of  benzene  and  carbon  tetrachlorid 
Ic  to  separation  of  phenylmercury  chloride,  calomelr,,  mercuric  chloride,  h ex achloroe thane,  water  and  bcnzotricl 
(the  latter  was  identified  by  conversion  to  benzoic  acid).  Formation  of  bcnzotrichloride  proceeds  either  at  the 
expense  of  entry  of  the  CCl,  radical  into  the  benzene  ring,  as  happened  in  the  studies  of  Nesmeyanov,  Pecherskaj 
and  Uretikaya  [5],  or  as  the  result  of  addition  of  two  radicals-  CC1,‘  and  phenyl  (Table  3).  • 

Wt  thus  see  that  photochemical  reactions  in  a  mixtiue  of  solvents  proceed  according  to  complex 
schemes.  The  course  of  the  reaction  may  be  accuratelv  followed  with  the  hein  of  isheied  atomt 


The  reaction  mixtures  were  heated 


Product 


Other  products 


Formula 


(C«H5)|Hg  .  .  . 
(C,H,),Hg  .  .  .  . 

C.H5CH, - 

CeHsCH, - 

CeH,(CH,), .  .  . 

CeHjN(CHjlj  , 
o-CH,CeH^eI-% 
PCH8C5H4C4H, 
C(Hj(CH|)j.  ,  . 

C,H,C1(CH,),. 


0.05  g  diphenyl 
Acetaldehyde 
Acetaldehyde . 
Acetaldehyde  '■ 
Acetaldehyde 
Water 
Water 
C»C1« 

C|C1(;,  organomercury 
compound 


QHjHcX  i 

u  Dt  a 

1  Product 

me  a 

Hg 

1  Hga,  1 

H8,C1, _ ' 

Other  pioducts 

g  1 

i 

1 

Formula 

g 

1 

1 

g 

1 

1  S 

1 

1 

3.2 

1 - 

;  80.1 

(CsHj),  ; 

0.30 

1 

1 

- 

- 

Water 

- 

i  "" 

(CeHs),  : 

0.08 

1  3 

95.1 

- 

— 

— 

— 

Acetaldehyde 

-  1 

(QHs),  i 

0.01 

0.22 

18.0 

— 

— 

— 

— 

Acetone 

0.50 

18  8 

CeHjCCi,  1 

1  0.09 

-  1 

— 

0.88 

44.1 

0.70 

34.9 

He  xachloroethane 

in  sealed  aiiipoulcs.  The  reaction  products  were  identified  by  determination  of  their  boilinp,  points  and  of  the 
melting  points  in  ad.nixture  with  pure  substances.  The  experimental  results  are  set  out  in  Table  1, 

2.  Photochemical  reactions  of  arylinercury  hydroxides  in  solutions.  Experiments  were  performed  in 
quartz  test  tubes  which  were  irradiated  at  room  temperatore  with  a  FRK-2  quartz  mercury  lamp.  The 
experimental  results  are  set  out  in  Table  2. 

Notes.  1.  The  percent  yield  of  mercury  and  methyldiphenyl  in  experimenu  7  and  8  were  calculated 
on  the  basis  only  of  the  hydroxide  entering  into  reaction. 

2.  The  o-  and  p-methyldiphenyls  in  these  reactions  were  identified  by  oxidation  to  the  corresponding 
diphenyl  carboxylic  acids  whose  constants  were  then  determined, 

3.  The  products  obtained  in  experiments  3-6  were  identified  by  boiling  point  determinations 
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(Sivolobov’s  method).  Subsequently  the  toluene  (In  experiments  3  And  4)  w*i  oxidized  to  benzoic  Add  with 
m.p.  121*;  mesliylene  was  nitrated  to  2,4,6-trlnltro-l,3{5Hrlmethylbenzene  with  m.p.  233*;  dimcthylanlllne 
was  Identified  as  Its  plcrate,  m.p.  162*. 

4.  Mesitylene  and  chloromcsltylene  (in  experiments  9  and  10)  were  also  Identified  by  nitration  to 
2,4,6-trInitro-l,3,5‘trlmethylbenzene  with  m.p.  178*. 

5.  Mercuric  chloride  (Table  2,  experiments  9  and  10;  Table  3.  experiment  4)  was  washed  out  with 
hot  water  and  precipitated  In  the  form  of  mercury  sulfate.  Calomel  was  Identified  by  Its  qualitative  reactions. 

6.  The  melting  points  of  hexachloroethane  were  determined  In  sealed  capillaries  (m.p.  183*). 

3.  Photoreactions  of  phenylmercury  hydroxide  In  mixed  solvents.  The  experimental  results  are 
presented  In  Table  3. 

Notes.  1.  The  reaction  products  (columns  8  and  9)  were  identified  by  mixed  melting  point  determinations. 

2.  The  molecular  weight  of  the  obtained  diphenyl  (expt.  1)  was  found  to  be  155.4  (calculated  154). 

3.  Be nzotri chloride  (expc.  4)  was  Isolated  by  conversion  into  benzoic  acid  (m.p.  121*),  which  was  then 
titrated  wldi  alkali. 

SUMMARY 

1.  Breakdown  of  the  CgH|Hg*  radical  when  phenylmercury  hydroxide  Is  Inadiated  with  ultiaviolet  light 
proceeds  through  formation  of  diphenylmercury. 

2.  The  photoreactions  of  the  hydroxides  of  o-and  gHolylraercury,  mesltylmercury,  and  £-dImethyl- 
amlnophenylmercury  in  ethyl  cellosolve  were  investigated.  These  reactions  proceeded  in  a  similar  manner  to 
the  reactions  of  phenylmercury  hydroxide. 

3.  The  reactions  of  o-  and  p-tolylmercury  hydroxides  In  benzene  were  Investigated.  These  pbotoreactlons 
proceed  with  formation  ol  methyldiphenyl  due  to  a  substitution  reaction.' 

4.  The  photoreactions  of  mesityl  mercury  hydroxide  were  investigated.  Irradiation  of  this  compound  In 
chlorofwm  solution  leads  to  formation  of  calomel,  mercuric  chloride,  mesitylene  and  hexachloroethane.  In 
carbon  tetrachloride  the  products  are  calomel,  chloromcsltylene,  hexachloroethane  and  an  organomeicury 
compound. 

5.  The  following  results  were  obtained  in  the  photoreaction  of  phenylmercury  hydroxide: 

a)  In  benzene-iodobenzene  mixture,  phenylmercury  iodide,  diphenyl  and  water  were  obtained. 

b)  In  benzene-ethyl  cellosolve  mixture,  mercury,  diphenyl  and  acetaldehyde  were  obtained. 

c)  In  a  mixture  of  benzene  and  carbon  tetrachloride,  the  products  were  phenylmercury  chloride,  calomel, 
mercuric  chloride,  hexachloroethane  and  benzotrlchloride. 
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THE  PROBLEM  OF  THE  STRUCTURE  OF  GUSTAVSON*S  HYDROCARBON 
IIL  THE  ACTION  OF  ZINC  DUST  ON  TETRAHALONEOPENTANES 


Yi.  M.  Slobodin  and  I.  N.  Shokhor 

As  far  back  as  1896,  G.  G.  Gustavson  [1-3]  showed  that  zinc  dust  acts  on  tetrabromoneopenrane  to  forna 
a  hydrocarbon  with  the  composition  C|Hj.  Later  Investigations  of  Demyanov,  Favorsky, Filippov  Whitmore  and 
others  established  that  Gustavson's  hyorocarbon  is  a  mixture  consisting  of  methylenecyclooutane  and  2-meihyl« 
1-butene.  Additional  factors  may  lead  to  the  formation,  apart  from  the  above-mentioned  compounds,  of 
spiropentane  and  very  small  amounts  of  l,l*dImeth>lcyclopropane.  Thus  when  tetrabromor)eopentane  is 
treated  with  zinc  dust  in  aqueous  ethanol,  a  mixture  is  formed  which  consists  solely  of  methylenecyclobutane 
and  2-methyl-l-butene  [4],  In  aqueous  rrveihanol  there  is  formed,  in  addition,  a  small  quantity  of  spiio- 
pentane  [5],  Addition  of  zinc  bromide  shifts  the  reaction  in  the  direction  of  preferential  formation  of 
methylenecylcobutane  (6J. 

Hass  and  McBee  [7]  investigated  the  conditions  of  formation  of  cyclopropane  from  IjS-tiichlorojKopane 
and  found  that  optimum  yields  (95 ‘7o)  are  obtained  by  cleavage  of  halogen  in  aqueous  ethanol  in  presence  of 
sodium  carbonate  and  sodium  iodide.  The  same  results  axe  obtained  on  substituting  anhydrous  acetamide  for 
aqueous  ethanol.  It  was  also  found  that  the  substitution  of  one  or  both  atoms  of  chlorine  in  l,3-<lichloro~ 
propane  by  iodine  leads  to  better  yields  of  the  hydrocarbon.  It  is  evident  that  the  role  of  sodium  iodide  is  to 
introduce  iodine  ions  which  undergo  double  decomposition  with  the  molecule  of  1,3-dlchloroptopane.  The 
sodium  carbonate  serves  to  regenerate  the  iodine  ions  formed  by  reaction  of  the  weakly  dissoN.Lired  z^nc 
iodide. 


The  application  of  these  conditions  to  tetrabromoneopentane  led  to  the  formation  of  spiropentane  [5], 
Dehalogenation  in  fused  acetamide  (170-18u')  in  presence  of  sodium  carbonate  and  sodium  iodide  gave  a 
hydrocarbon  in  38^  yield  and  with  a  spiropentane  content  of  47-60^  Using  the  same  additives  in  aqueous 
ethanol,  the  yields  of  hydrocarbon  were  78-79^.  It  contained  28‘51>  spiropentane,  56*^  methyler.e  cyclobutane. 
18^  2-inethyl-H>utene  and  about  1-3^  of  1,1-dimethylcyclopropane  [8],  Consequently,  the  conditions 
favoring  closure  of  die  cyclopropane  ring  also  promote  the  formation  of  spiropentane. 

In  the  present  investigation  a  study  was  made  of  the  effect  of  the  nature  of  the  halogen  atom  (Cl,  Br,  Q 
on  the  composition  of  the  hydrocarbon  mixture  formed  by  the  action  of  zinc  dust  on  tetrahaloneope'^tanes  in 
dilute  alcohol  and  in  dilute  acetamide  with  and'  without  additions  of  sodium  carbonate  and  sodium  iodide. 

In  order  to  avoid  secondary  reactions  the  volatile  products  were  immediately  distilled  off  from  tne  reaction 
mixture. 


The  composition  of  the  hydrocarbon  mixture  was  determined  in  each  experiment  with  the  help  of 
Raman  spectra.  Visual  comparison  of  the  intensities  of  the  spectral  lines  enabled  the  composition  of  the  mixture 
to  be  determined  to  an  accuracy  of  only  up  to  lO^o,  but  even  this  relatively  rough  analysis  permined  certain 
regular  characteristics  in  the  series  of  tetrahalo  derivatives  of  neopentane  to  be  established. 

No  dehalogenation  occurred  when  zinc  dust  acted  on  tetrachloroneopentane  in  presence  of  sodium 
carbonate  in  dilute  alcohol,  and  the  whole  of  the  starting  material  was  recovered  unchanged.  When  the 
alcohol  was  replaced  by  ethylene  glycol  the  reaction  proceeded  very  sluggishly  even  at  180-190''.  A 
minute  amount  of  a  hydrocarbon  and  an  unsaturated  chloride  with  b.p.  about  80*  were  formed.  Nearly 
half  of  the  original  material  was  recovered  unchanged.  A  definite  reactior  took  place  only  when  using 
anhydrous  acetamide.  In  presence  of  sodium  carbonate  at  170-180*  a  hydrocarbon  mixture  was  obtained  which 
boiled  at  33-42“.  The  Raman  spectrum  contained  liner  vhose  frequencies  coincided  with  those  attributed  in 
the  literature  to  mixtures  of  spiropentane,  methylenecyclobutane  and  2-methyl-l-butene  [5,11,12].  The 
composition  of  the  hydrocarbon  mixture  was  methylenecyclobutane  80-85*^,  spiropentane  lO'^,  2  methyl-1- 
butene  S-lO'jt. 

In  presence  of  sodium  carbonate  and  sodium  iodide,  the  content  of  spiropentane,  as  was  to  be  expected, 
rose  to  30-40<Jb.  that  of  2-methyl-l-butene  rose  to  lO-^O*^).  and  the  methylenecyclobutane  content  fell  to  5(y*» 
(Table  1). 
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TABLE  1 

Dehalogenation  of  Tetrachloroneopentane 

Method  of  preparation  of  the  hydrocarbon 

Total  yield  of 
hydrocarbons 

^  Content 

jspiropentane  i  methylene- 

2-methyl-l- 

1 

'  cyclobutane 

butene 

In  acetamide  in  presence  of  sodium  carbonate. . 

40 

1 

80-65  1 

5-10 

Til  acetamide  in  presence  of  sodium  carbonate 
and  sodium  Iodide . 

40-50 

1  30-40 

1 

50  i 

1  1 

la^o 

TABLE  2 

De  halogenation  of  Tetrabromoneopentane 


Method  of  preparation  of  hydrocarbon 

Total  yield  of 

«5b  Content 

hydrocarbons  (‘J>) 

spiropentane 

methylene-  | 
cyclobutane 

[  2-raethy’- 
1 -butene 

In  aqueous  ethanol  (Gustavson's  method 

[13] . 

80 

— 

80-90 

10-15 

In  aqueous  ethanol  in  presence  of  sodium 
carbonate  and  sodium  iodide  [8] .  . .  . 

78-89 

24-28 

54-58 

13-18 

In  acetamide  in  piosence  of  sodium 

carbonate . 

40 

20-30 

50-60 

10-20 

In  acetamide  in  i^esence  of  sodium 
carbonate  and  sodium  iodide  [8]  .  .  .  • .  j 

1 

1  38 

47-60 

36-10 

17-30 

1,1-dimethy^ 

cyclopropat 


1-3 


Results  of  dehaloge.iation  of  tetrabromPneopeiianeare  set  out  in  Tabic  2. 

Tetraiodoneopentane  in  aqueous  alcohol  reacts  with  zinc  dust  very  slowly.  In  fused  acetamide  In  presence  oi 
sodium  carbonate  and  sodium  iodide  a  mixture  of  hydrocarbons  containing  50^  spiropentane  is  formed.  The  amoun^ 
of  spiropentane  does  not  change  even  when  the  reaction  is  performed  in  acetamide  without  sodium  carbonate  and 
sodium  iodide  (Table.  3). 

TABLE  3 

Dehalogenation  of  Tetraiodoneopentane 


Method  of  preparation  of  the  hydrocarbon  ] 

Total  yield  of 

1  Content 

1 

i 

-  -  i 

hydrocarbons(7o| 

spiropentane 

methylene-  |  2-methyl- 
cyclobutane  1 -butene 

i 

In  acetamide  in  presence  of  sodium  carbonate 
and  sodium  iodide...; . 

j  ^ 

80  1 

50 

1 

1 

40 

10 

In  acetamide  without  additives . 

80 

50 

25  j 

1 

A  comparison  of  the  tabulated  data  permits  the  conclusion  to  be  drawn  that  in  anhydrous  acetamide  in  pre¬ 
sence  of  sodium  carbonate  the  yields  of  spiropentane  increase  as  we  pass  from  tetrachloro-  to  tetraiodoneopentane, 
the  tetrabromo-com pound  occupying  an  intermediate  position.  Additions  of  sodium  carbonate  considerably  in¬ 
crease  the  yields  of  spiropentane  from  tetrachloro-  and  tetrabromoneopentanes.  Addition  of  sodium  carbonate  has 
no  influence  on  the  yield  of  spiropentane  from  tetraiodoneopentane,  which  fact  confirms  its  role  as  a  medium  pro¬ 
moting  the  regeneration  of  iodine  ions  in  the  reaction.  Yields  of  2-methyl-l -butene  increase  as  we  pass  from  the 
tetrachloro-  to  the  tetraiodo-  compound.  It  may  be  suggested  that  the  increase  in  yields  of  spiropentane  is  related 
to  the  magnitude  of  the  atomic  radii  of  the  halogens. 


38 


l.l^ihalodimethylcyclopropane  must  be  an  intermediate  product  of  the  dehalogenation  of  the  tetra-  ' 
haloneopcntanei.  The  formed  trimethylsne  ring  with  a  valency  angle  of  60*  causes  expansion  of  the  outer 
valency  angle  [14,151  Thus,  we  know  from  electronographic  data  that  die  H-C-H  angle  in  cyclopropane  U 
118  [14],  The  enlargerhent  of  die  valency  angle  a  in  1,1-dihal^imethylcyclopropane  greatly  hinders  the 
closure  of  the  second  three-membered  ring  and  in  turn  hinders  die  formation  of  spiropentane. 

In  addition,  the.formed  l.l-<!ihalodimethylcyclopropane,  possessing  a  well^tnown  isomerization 
tendency,  may  undergo  isomerization  in  two  directions: 


(0 


C1%X 

I 

C  -  X 


nc 


Ok 


CH^X-Cl^-C 


Cl^X 


The  dihalo  derivative  of  the  cyclobutane  series  formed  by  the  first  alternative  readily  reacts  with  zinc 
dust  to  form  methybiecyclobutane,  whereas  the  unsaturated  dihalo  derivative  formed  by  the  second  route  and 
containing  halogen  atoms  in  positions  1  and  4  will  be  largely  subjected,  as  follows  from  Demyanov’s  researches 
[16],  to  reduction  to  2-methyl-i-butene  and  only  in  small  degree  to  cyclization. 

Introduction  oi  iodine  ions  into  the  reaction  mixture  leads  to  substitution  of  iodine  for  one  or  both  of  the 
halogen  atoms  both  in  dichlorodlmethylcyclopropane  and  in  dibromodiniethylcyclopropane.  Since  the  bromine 
possesses  the  greater  atomic  radius,  it  will  facilitate  closure  of  the  second  cyclopropane  ring  and  thereby  lead 
to  increased  yields  of  spuopentane. 


At  the  same  time  the  enhanced  tendency  of  a-iodo  derivatives  to  rupture  of  the  th'ee-rnemhered  ring  [17] 
leads  to  some  increase  in  yields  of  the  open-chain  hydrocarbon,  2-meihyl-l-butene. 

It  follows  from  the  above  considerations  that  in  the  dibromodimethylcyclane  series 


CHjBr 
|/N:H,Br 


IS; 


i' 


closure  of  the  three-membered  ring  will  occur  most  readily  in  dibromodimethylcyclohexane.and  with  The  most 

difficulty  in  dibromodim'  thylcyclopropane.  And  indeed  the  formation  of  spiro-[2,5)-octane  takes  place  in  a 

yield  of  91‘5k  [13],  ,  ij: 

In  previous  communications  [19,20]  we  showed  that  a -halo  derivatives  of  the  cyclopropane  series  readily  f| 

icomerize  to  unsaturated  open-chain  halo  derivatives.  This  change  is  quantitative  for  iodo  derivatives,  less  pro-  i* 

nounced  for  bromo  derivatives. and  least  pronounceo  for  chloro  derivatives  It  follows  from  the  data  of  the  present  ' 

investigation  that  in  the  case  of  1,1-dihalodialkylcyclopropanes  one  of  the  directions  of  the  reaction  is  the  enlarge-  |; 

ment  of  the  cyclopropane  ring  to  the  cyclobutane  ring.  Olefinic  compounds  are  also  formed  by  a  mechanism  j 

similar  to  that  for  the  a -halodialkylcyclopropanes,  •  ' 


EXPERIMENTAL  ?! 

i 

y 

Tetrachloroneopentane  [9];  Into  a  half-liter  three-necked  flask  fitted  with  a  reflux  condenser  and  a  i; 

stirrer  was  introduced  140  g  PC1$  and  sulfur  dioxide  vaspassed  through  until  the  crystals  disappeared  completely.  To  t 

the  resultant  mixture  of  SCX:ii  and  POCl|  was  added  a4  g  pentaerythritol  (0.1  mole):  then  under  good  sturing  8  g 
pyridine  was  added  very  slowly  from  a  dropping  funnel.  With  increasing  evolution  of  heat  the  flask  was  cooled  j 

externally  with  iced  water.  The  mixture  was  then  gently  boiled  for  3  hours  with  stirring.  This  period  sufficed  for  ;  i 

driving  off  the  SO|.  After  cooling,  the  flask  contents  w  re  poured  Into  iced  water  and  stined  until  the  POClj  had' 
been  completely  decomposed.  The  crystalline  tetrachloroneopentane  settled  to  the  bottom  and  was  collected  by  .  || 

decantation  or  filtration.  The  product  melted  at  97*  after  recrystallization  from  alcohol.  In  agreement  with  the  '  >  j 

literature.  Yield  21  g. 
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Tetr»bromoneopentane  was  prepared  from  pentacrythrliol  and  PBr|  [101 

Tetraiodoneopentane  was  prepared  from  letrabromoneopentane  by  the  action  of  sodium  iodide  In  methyl* 
ethyl  ketone  [101  The  product  melted  rather  lower  than  stated  in  the  literature. 

Dehalogenatlon  of  tetrachloroneopentane. 

.  _  ji)  It  aQueous  alcohol.  Into  a  flask  were  Introduced  21  g  tetrachloroneopentane,  ml  alcohol,  17,5  ml 
water,  25  g  zinc  dust,  10.6  sodium  carbonate  and  2.5  g  sodium  iodide.  The  mixture  was  boiled.  Formation  of 
a  hydrocarbon  was  not  observed.  The  whole  of  tlie  tetrachloro  compound  was  recovered  unchanged. 

b)  In  ethylene  glycol.  The  ratios  of  the  reactanu  were  the  same  as  in  a,  Instead  of  aqueous  alcohol,  an¬ 
hydrous  ethylene  glycol  was  used.  Water  was  not  added.  The  mixture  was  heated  at  180-190*.  3  g  of  product 
distilled  over.  The  product  was  distilled  after  washing  with  water  and  drying.  The  first  drops  came  over  at  40* 
and  possessed  a  hydrocarbon  odor.  The  main  bulk  came  over  at*80*  and  proved  to  consist  of  an  unsaturated  chloro 
compound.  It  was  not  investigated  more  closely. 

c)  In  acetamide  in  presence'of  sodium  carbonate.  21  g  tetrachloroneopentane,  90  g  anhj'drous  acetamide, 
15  g  sodium  carbonate  and  50  g  zinc  dust  were  put  into  a  flask  fined  with  a  stirrer  and  reflux  condenser.  The 
mixture  was  heated  and  intensively  stirred.  The  reflux  condenser  was  filled  with  warm  water  and  connected 
through  its  upper  end  with  a  good  cooling  coil.  Hydrocarbon  began  to  form  at  170-180*.  Yield  about  40^ 

The  hydrocarbon  was  washed  with  water,  dried  over  calcium  chloride  and  distilled  over  metallic  sodium. 
The  hydrocarbon  began  to  boil  at  33*  but  the  main  mass  c^me  over  at  38-42*. 

Raman  spectrum:  305(2),  354(5).  373(3),  581(1),  613(1/2).  657(2),  .779  (1),  872(3),  907(2),  957(10),  1033(1), 
1150(1/2),  1191(2),  1393(2),  1428(3w).  1654(1/2).  1678(8),  2861(1),  2902(4),  2921(4),  2952(5),  2989(8),  3069(3). 

d)  In  acetamide  In  presence  of  sodium  carbonate  and  sodium  iodide.  The  experiment  was  performed  as 
above.  Supplementary  addition  of  5  g  sodium  iodide  was  made  to  the  reaction  mixture.  Yield  of  hydrocarbon  45^ 
of  theory.  B  p.  35-42,5*. 

Raman  spectrum:  305(2),  354(3),  375(2),  583(1),  613(1),  658(1),  777(1),  872(3),  905(2),  957(10),  1033(3), 
1150(1),  1191(1),  1394(3),  1427(4w),  1654(2),  1679(5),  2828(1),  2857(1),  2902(2),  2923(2),  2951(3),  2988(6),  3065(4). 

Dehalogenatlon  of  tetrabromoneopentane. 


a)  In  aqueous  alcohol .  Experiments  were  performed  in  Gusuvson's  conditions.  The  resulu  and  the  Raman 
spectroscopic  dau  were  presented  in  a  previous  paper  [13^ 

b)  In  acetamide  in  presence  of  sodium  carbonate.  38,gjetrabromoneopentaoe,  90  g  anhydrous  acetamide, 
15  g  sodium  carbonate  and  25  g  zinc  dust  were  used.  The  dehalogenatlon  corKiitions  were  the  same  as  in  previous 
experiments.  Hydrocarbon  yield  about  40^  of  theory,  B.  P.  35-42*. 

Raman  spectrum:  305(3),  353(2), 371(2),  581(1).  613(1),  657(1).  779(1),  873(3),  907(2),  957(10),  1032(3), 
1150(1),  1191(1),  1394(3),  1429(4),  1654(2),  1679(5),  2829(1),  2861(1),  2900(2),  2921(2),  2947(2),  2989(5),  3070(3). 

Dehalogenatlon  of  tetraiodoneopentane. 

a)  Zinc  dust  does  not  react  with  tetraiodoneopencine  in  aqueous  alcohol. 

b)  In  acetamide  in  presence  of  sodium  carbonate  and  sodium  iodide.  54  g  tetraiodoneopentane,  90  g  an¬ 
hydrous  acetamide,  15  g  sodium  carbonate,  5  g  sodium  iodide  and  35  g  zinc  dust  were  taken.  Reaction  started  at 
as  low  as  140-150*.  Hydrocarbon  yield  about  80^  of  theory.  B.  P.  38-42*. 

Raman  specUum:  305(3).  354(2),  374(2).  581(2),  613(1),  658(2).  777(1),  872(4),  905(2),  957(10),  1033(5), 
1191(1),  1395(3),  1428(4  w);654(1).  1678(4).  2867(2),  2902(2).  2952(3),  2989(6),  3062(4). 

c)  In  acetamide  (without  addition  of  sodium  carbonate  and  iodide.)  Conditions  and  quantities  as  in  b). 
Reaction  occurred  at  160*.  Yield  about  80^.  B.  p.  36-42*. 

Raman  spectrum:  305(3),  354(2),  581(2),  613(1),  658(2),  779(4),  872(5),  905(1),  957(10),  1033(5),  1191(1), 
1395(4),  1428(5  W),  1654(2-3),  1679(2-3),  2865(2),  2908(2),  2949(3),  2959(6),  3065(4). 

SUMMARY 

1.  Zinc  dust  reacts  with  tetrahalc  neopentanes  in  anhydrous  aceumlde  to  form  a  hydrocarbon  mixture 
consisting  of  methylenecyclobutane,  splropenunc  ahd  2-methyl-l-butene. 
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2.  Tlie  spiropentane  content  of  ihli  mixture  incteasei  In  pasuge  ftora  tetrachltwoncopcntane  to  tetra- 
iodo neopentane.  Tetrabromoneopentane  occupies  an  intermediate  position. 

3.  Yit-Hs  of  spiropentane  from  tetraiodoneopentane  do  not  change  when  sodium  carbonate  is  present: 
this  fact  confirms  its  role  as  a  means  for  regeneration  of  the  iodine  ion. 

4.  It  is  suggested  that  the  rising  yield  of  spiropentane  in  the  order  tetrachloroneopenune-tetrrbro»riOii«.o- 
pentane-tctralodoneopentane  is*  related  to  the  magnitude  of  the  atomic  radii  of  the  halogens. 
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•  See  Consultants  Bureau  translation,  p.  243. 

•  •  See  Consultants  Bureau  translation,  p.  2225. 


MONOVINYLACETYLENE  HOMOLOGS 


II.  ADDITION  OF  METHYL  ALCOHOL  TO  A|-CYCLOPENTENYL-ACET YLENE 
I.  A.  Ftvorskaya  and  L.  V.  FedorovA 

The  present  investigation  was  undertaken  with  the  aim  of  studying  the  order  of  addition  of  methyl  alcohol 
to  the  monovinylacetylene  hydrocarbon  series  containing  an  endocyclic  double  bond.  Particular  interest  is 
attached  to  the  product  of  addition  of  one  molecule  of  methyl  alcohol  to  Aj-cyclopentenylacetylene  in  the  1,2- 
position.  i.e.,  at  the  triple  bond.  Dienic  ethers  of  the  general  formula  ethers  in  which  one  of  the 

conjugated  double  bonds  is  in  a  five-  or  six*membered  ring.have  not  pteviousiy  been  investigated.  Nevertheless 
these  compounds  are  of  undoubted  interest  since  we  can  use  them,  via  the  diene  synthesis,  for  the  preparation  of 
diverse  derivatives  of  bicyclic  ketones  of  the  decalone  and  hexahydroindanone  series. 

The  experimental  material  relating  to  the  addition  to  hydrocarbons  containing  adjacent  double  and  triple 
bonds  concerns  mainly  their  simplest  representative  -  monovinylacetylene.  Work  with  this  hydrocarbon  has  shown 
that  addition  may  proceed  in  the  1,4-positlon  or  at  the  triple  bond  in  the  l,2*position.  In  isolated  cases  the  addi¬ 
tion  apparently  takes  place  at  the  double  bond. 

The  study  of  the  order  of  addition  of  various  reagents  to  systems  containing  a  double  and  a  triple  bond  is' 
complicated  by  a  series  of  secondary  reactions  which  are  made  possible  oy  the  isomerizing  tendency  of  the  initial¬ 
ly  formed  products  with  an  allenic  structure.  Depending  on  the  conditions,  the  isomerization  of  allenic  compounds 
may  proceed  either  in  the  directicn  of  formation  of  acetylenes  or  in  that  of  formation  of  dienes. 

Addition  of  various  reagents  to  monovinylacetylene  homologs  leads  mainly  to  products  of  apparent  or 
actual  addition  at  the  triple  bond. 

Addition  of  HCl  to  the  simplest  homolog  of  vinylacetylene,  isopropenylacetylene,  was  studied  by  A.  £. 
Pavorsky  fl].  Addition  at  the  triple  bond  led  to  formation  of  chlorisoprene.  Carothers  and  Coffman  [2]  obtained 
the  same  results  when  performing  the  reaction  in  similar  conditions. 

Hotnologs  of  monovinylacetylene  not  containing  acetylenic  hydrogen,  of  the  general  formula  CHj=CH-C= 
C“R  (where  R  =  CHj,  CjHj  or  C4H^,  react  with  concentrated  hydrochloric  acid  to  give  products  of  addition  at  the 
triple  bond  [3]. 

•  Carothers  and  Coffman  [2]  studied  the  reaction  of  sec.  butenylacetylene  and  Ai-cyclohexenylaceiylene  with 
hydrochloric  acid.  On  the  analogy  of  the  reaction  with  vinylacetylene  itself,  the  authors  assumed  that  addition  took 
place  at  the  1.4-position  with  formation  of  the  corresponding  allenes.  The  latter  undergo  subsequent  isomerization 
to  diene  derivatives,  but  since  no  intermediate  products  with  an  allenic  structure  were  isolated,  the  reaction  mech¬ 
anism  remained  uncertain.  Chlorides  of  similar  structure  may  be  obtained  by  addition  of  HCl  at  the  triple  bond. 

A.  1.  Zakharova  (4]  studied  the  action  of  alcoholic  alkali  on  sec.  butenylacetylene;  methyl  alcohol  added 
on  at  the  tripie  bond. 

The  literature  contains  isolated  facts,  however,  which  confirm  the  susceptibility  of  vinylacetylene  homo¬ 
logs  to  addition  reactions  in  the  1,4-position.  In  an  investigation  of  the  addition  of  triphenylmethane  to  isopropenyl¬ 
acetylene,  A.  F.  Thompson  [5]  obtained  l,l,l,6.6,6-hexaphenyl-2,3-hexadiene  as  the  sole  reaction  product.  Ozono- 
lysis  of  :he  latter  yielded  triphenylacetic  acid  and  l,l,l-triphenyl-3-butanOne, 

Vinylacetylene  homologs  tend  to  dimerize  in  the  same  way  as  butadiene  (Diels-Alder  diene  reaction).  For 
the  dimerization  of  vinylacetylene  itself  Dykstra  [6]  proposed  a  mechanism  based  on' intermediate  formation  of  an 
allenic  structure  due  to  addition  in  the  1,4-position. 

According  to  A.  E.  Favor sk  y  [7]  the  dimerization  of  monovinylacetylene  in  presence  of  methyl  alcohol  may 
be  represented  by  the  following  scheme: 
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A  timilAr  mechanism  was  proposed  by  A.  E.  Favorsky  and  A.  I  Zakharova  [8]  for  the  dimerization  of 
isoiHopenylacetylene.  It  was  shown  that  heating  of  Isopropenylacetylcne  with  methyl  alcohol  at  120*  results  in 
formation  of  l-p$cudobutenyl-3,4'dimethylbenzene  in  50%  yield. 

Our  own  observations  Indicate  that  dehydration  of  higher  lertiaiy  acetylenic  alcohols  over  unburnt  porcelai 
or  .vlgSO^  leads  to  formation  of  hydrocarbon  dimers  of  the  styrene  type.  The  same  observation  was  made  by 
Shikhiev  f9]  on  dehydration  of  methyl-n-propylethinyl  carbinol.  The  yield  of  the  dimer  fraction  of  the  hydrocarbo 
varies  within  wide  limits  depending  on  the  structure  of  the  carbinol  undergoing  dehydration.  Thus,  for  example. 

In  the  dehydration  of  diisopropylethinyl  carbinol,  the  dimer  is  the  main  reaction  product  (approx.  90%),  whereas 
In  the  dehydration  of  a,  a*-ethinylcyclopenianol  a  hydrocarbon  dimer  is  iwi  generally  formed. 

In  this  investigation  of  the  addition  of  methyl  alcohol  to  a  monovinylacetylenic  hydrocarbon  containing  at 
etxlocyclic  double  bond,  the  starting  material  was  the  A|-cyclopentenylacetylene  previously  prepared  by  us. 

It  has  been  noted  p.0)  that  cyclopentenylacetylerte  possesses  a  yellow  color  which  camrot  be  accounted  foe 
by  its  established  structure.  In  order  to  clarify  this  problem,  the  hydrocarbon  was  purified  via  the  copper  deriva¬ 
tive.  The  hydrocarbon  regenerated  from  the  copper  derivative  was  colorless.  Nevertheless  the  constants  of  the 
purified,  colorless  hydrocarbon  almost  coincided  with  those  of  the  yellow  hydrocarbon.  The  color  was  evidently 
due  to  die  presence  of  traces  of  impurities  which  did  not  modify  the  constants. 

On  plotting  the  ultraviolet  absorption  spectra  with  a  SP-22  specirophoto.meter,  using  a' cell  of  variable 
thickness,  it  was  established  that  the  yellow  hydrocarbon  has  an  absorption  maximum  at  a  wavelength  of  X2S00 
3645  A.  The  absorption  spectrum  of  dimethylfulvcne  contains  three  fairly  strong  bands  at  2300,  2700  and  3650  A 
[11].  There  are  no  experimental  dau  in  the  literature  for  the  spectrum  of  fulvene  itself;  however,  we  may 
assume  that  in  the  present  case  substitution  has  no  influence  on  the  absorption  spectrum  since  it  is  known  that  the 
electron  spectrum  in  the  ultraviolet  region  is  caused  by  conjugated  double  bonds. 

On  the  basis,  therefore,  of  the  spectroscopic  investigation  of  colored  cyclopentenylacetylene,  we  establishel 
that  it  is  contaminated  with  methylfulvere  I 
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The  methylfulvene  content  of  the  mixture  was  determined  by  the  oxidation  method.  It  was  found  that  the 
content  of  oxalic  and  acetic  acids  In  the  oxidation  products  only  amounts  to  a  few  percent.  After  our  paper  (10) 
had  gone  to  press  a  paper  was  published  by  Heilbron  (12]  which  reported  the  preparation  of  Aj-cyclopentenylacetyl- 
ene  by  dehydration  of  a.  a’-ethinylcyclopentanol  over  aluminum  phosphate.  According  to  Heilbron,  A|-cyclo- 
pentenylacetylene  is  a  faint-yellow  liquid  with  a  at  2270  A. 

Addition  of  methyl  alcohol  to  Aj-cyclopentenylacetylene  was  effected  by  us  in  presence  of  BF*  and  HgO. 

Hennion  and  Nleuwland  [15]  added  methyl  alcohol  to  monovlnylacetylene  in  presence  of  BF}and  F^O.  In 
these  conditions  additions  of  three  molecules  of  methyl  alcohol  took  place  with  formation  of  2,2,4-trimethoxy- 
buune.  By  analogy  with  Carother's  resulu  (14],  the  authors  propose  the  following  scheme; 

CH|  =  CH-C^^H-»-CH,OCH,~  CH  =  C  =  CH^ 

— ►  CHjOCH,  -C^  C  -CH,  -►  CHjOCH,  -CH,  -C(OCH,),  -  CH,. 

,  Suice,  however,  no  intermediate  products  were  Isolated  the  mechanism  is  still  debauble. 


We  isolated  and  characterized  the  following  compounds  as  a  result  of  reaction  In  the  above-noted  con- 
dltions  of  methyl  alcohol  with  A,-cyclopentenylacetylenc:  2.2*-dlmethoxy2-A,.cyclopentenylcthane  (I)  -16^ 
2,2  *dimethoxy-2-i^i-methoxycyclopentylethane  (H)  - 13  ^ and  the  dimer  (HI)  -45  % 

Addition  of  two  molecules  of  methyl  alcohol  to  A|*cyclopentenylacetylene  may  proceed  according  *o  the 
scheme: 


Depending  on  the  order  of  addition  of  the  alcohol  to  the  hydrocarbon,  the  dimethoxy  derivative  of  the 
hydrocarbon  may  have  the  structure  corresponding  to  formulas  (I),  (IV)  or  (^  ), 

The  structure  of  the  product  of  addition  of  two  molecules  of  alcohol  was  established  by  hydrogeration 
and  by  hydrolysis  m  presence  of  dilute  hydrochloric  acid.  Hy'^rolysls  of  the  hydrogenation  product  yielded 
methylcyclopentyl  ketone. 


On  the  basis  of  this  observation  we  may  say  that  the  product  of  addition  of  two  molecules  of  the  alcohol 
to  A|-cyclopentenylacetylene  has  a  ketal  structure  ^d  corresponds  to  formula  (I), 

The  structure  of  product  (II)  was  esublished  in  the  following  manner:  Hydrolysis  in  the  cold  in  presence 
of  dUute  hydrochloric  acid  yielded  l-methoxy-2-acetylcyclopentuiu;  (VI).  Hydrolysis  of  (O)  by  heating  to  80*  in 
presence  of  sulfuric  acid  and  mercuric  sulfate  led  to  formation  of  the  unsaturated  ketone  (VIII)  (12). 


The  Intermediately  formed  e-ketoalcohol  (VII)  li  unsuble  and  ipllu  off  water  to  form  the  unsaturated 
ketone  (Vm). 

In  these  conditions  the  isomeric  a-kctoalcohol,  l-hydroxy-l-acetylcyclopentane  (IX)  is  perfectly  stable 
and  d'>es  not  form  the  unsaturated  ketone.^ 

On  the  basis  of  these  data  we  may  say  that  the  structure  of  (II)  correspor<It  to  2,2*‘dimethoxy-2-  Aj- 
metboxy<cyclopentylethaoe. 

Compound  (HO  ibe  dimer  of  tlie  product  of  addition  of  one  molecule  of  methyl  alcolpl  to  the  hydro* 
carbon.  Depending  upon  the  order  of  addition  of  the  alcohol  in  the  1,4-position  or  at  the  triple  bond  in  the  1,2- 
posltion,  the  structure  of  me  addition  product  will  be  either  that  of  an  allene  ether  or  a  diene  ether  with  conjug¬ 
ated  double  bonds.  It  is  quite  obvious  that  the  stiucture  of  dirner  (III)  will  be  determined  by  the  stnicture  of  the 
monomeric  edier. 
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In  the  present  investigation  we  did  not  succeed  in  isolating  compound  (III)  in  the  analytically  pure  form 
in  spite  of  repeated  distillation  at  0.1  mm.  By  hydrolyzing  compound  (III)  In  presence  of  dilute  hydfochloric 
acid  we  obtained  i^oduct  (X),  CuK^Pi,  which  contained  only  one  methoxyl  group,  did  not  contain  a  hydroxyl 
group,  and  formed  a  semicarbazone.  On  the  basis  of  these  facts  we  attribute  the  structure  7  methoxy-'t-Aj-cyclo- 
pentenylhexahvdroindanone-^  (>)  to  the  i^oduct  of  hydrolysis 
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A  similar  ketone  may  be  obtained  by  hydrolysis  of  the  dimer  which  contains  twononequivalcnt  methoxyl 
groups.  Consequently  the  most  probable  formula  for  the  structure  of  the  di.mer  is  (III)  — 7-rT‘ethoxy-'7-A|-tyclo- 
pentenyl-6,6,7,8-tetrahydroindane. 

The  tetrahydroindane  (III)  is  formed  by  diene  condensation  of  the  monomeric  diene  ether.  Compound 
(HI)  Is  not  the  dimer  of  the  allenic  ether  (1,4  addition)  since  ketone  (X)  cannot  be  formed  by  hydrolysis  of  the 
dimer  of  structure  (XI). 

Hence  in  our  investigation  we  were  unable  to  isolate  the  intermediate  products  wHich  would  have  confirmed 
the  addition  of  methyl  alcohol  to  Aj-cyclopentenylacetylene  in  the  1,4-position.  The  isolated  products  of  the  re¬ 
action  (I  and  ni)  can  be  obtained  by  direct  addition  of  methyl  alcohol  to  the  unsaturated  ketal,  wntch  addition 
does  not  i^oceed  accorduig  to  the  Markovnikov  rule. 

EXPERIMENTAL 


— through  the  copper  derivative)  is  a  colorless  liquid  with  the  character* 
istic  odor  of  acetylenic  hydrocarbons: 

B.  p,  57.5-68*  at  100  mm;  dj  0.8731;  dj*  0.8596;  n*J)  1.4391;  n”  1.48825;  n*^  1.50322;  MR..  30.94; 
calc'ilated  29.86 


0.1235  g  subiuncc:  0,4119  g  C(^;  0.0964  g  1^0.  Fbund  •%-.  C  90.96;  H  8.65.  Calculated  C  9l.24i 


For  the  constants  of  the  unptiriflcd  methylfulvene-^ontaining  hydrocarbon  see  nO}. 
Oxidation  of  yellow,  methylfulvene-contalnlng  cvcloi 


_ ntenylacetylcne.  20  g  of  hydrocarbon  was  taken 

for  oxidation, which  was  effected  by  the  normal  method  with  the  calculated  amount  of  potassium  permanganate. 

The  oxidation  results  are  set  out  in  Table  1.  Oxidation  of  methylfulvene  would  be  expected  to  give  acetic  and 
oxalic  acids,  but  Table  1  shows  that  the  oxalic  acid  content  of  the  oxidation  products  docs  not  exceed  2-3^  The 
volatile  acids  contain  96*^  formic  acid:  therefore  not  mote  than  a  small  percentage  of  acetic  acid  could  also 
have  been  formed.  It  follows  that  only  a  sm»ll  percentage  of  methylfulvene  is  present  in  the  mixture. 

Addition  of  Methyl  Alcohol  lo  Cyclopentenylacetylene. 

1.5  g  red  HgO,  0.7  g  BF|(C|Hj)  20  and  0.5  ml  CHjOH  was  heated  for  a  few  minutes  at  50*€0*.  A 
small  quantity  of  the  alcohol  (about  10  ml)  was  added  to  the 

catalyst.  The  remaining  alcohol  and  the  hydrocarbon  were  slowly  added  from  a  dropping  funnel.  The  reaction 
mass  was  vigorously  stirred.  The  flask  was  cooled  with  water.  After  the  whole  of  the  hydrocarbon  had  been 
added,  stirring  was  continued  for  another  few  hours.  The  solution  was  neutralized  with  sodium  methylate  and  the 
alcohol  distilled  off.  Several  fractionations  gave' three  main  reaction  products:  2,2*-dimcthoxy-2-Aj-<yclopentenyl- 
ethane  (5.  2,2*-dlmethoxy-2-A,-  methoxycyclopentenylethane  (II),  and  the  dimer  CjiH,40^  (HI).  The  experimenul 
conditions  and  product  yields  ate  detailed  in  Table  2. 


Analysis  of  Ca  salt  of  oxalic  acid 
wt.  of  Ca  1  wt.  of  CaO 


^  Ca  found 


oxidized 


Investigation  of  the  Product  of  Addition  of  Two  Molecules  of  Methyl  Alcohol  to  A,Cyclopentenylacetylene 
B.  P.  71-72*  at  17  mm;  dj  0.9638:  dj*  0.9467;  "B  1.4503:  MRq  44.3’9: calculated  44.18 

0.1066  g  substance:  0.2718  g  CO,;  0.0960  g  f%O:0.1110  g  substance:  0.2813  g  Cl^;  0.0995  g  11,0:  0.1336  g 
substance;  19.82  g  C^Hgt  At  0.211*.  Found  C  69.53,  69.11;  H  10.08,  10.03;  Kl  148.2.  C,H,(^,.  Calculated 
‘5kCS9.24;  H  10.26;  M  156.2. 

Hydrogenation  of  the  unsaturated  ketal  (Q  was  performed  in  ether  solution  in  presence  of  platinum  black. 

The  theoretical  hydrogen  requirement  was  594.5  ml,  whereas 


4.16  g  substance  In  30  ml  ether  with  0.3  g  Pt  black, 

660  ml  was  taken  up  (i.e.  110^).  The  ether  was  distilled  off  from  the  hydrogenation  product,  after  which  14  ml 
water  and  0.5  ml  hydrochloric  acid  were  added  to  the  residue.  The  mixture  was  stirred  at  room  temperature  for 
L5  hours.  The  upper  layer  was  removed  and  the  aqueous  layer  was  saturated  with  poussiuin  carbonate  and 
extracted  with  ether.  The  ethereal  solution  was  dried  with  potassium  carbonate.  2.2  g  subsunce  was  obtained  with 
b.  p.  94-95"  at  105  mm.,  njj  1.4425;  semicarbazone  with  m.  p.  143-145*.  These  data  are  In  accord  with  those 
in  the  literature  for  methylcyclopenty?  ketone  [15). 


CjHiCa  •  H,0  .  Calculated  %  Ca  27.44, 
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Investigation  of  the  Product  of  Addition  of  Three  Molecules  of  Methyl  Alcohol  to  A|-Cyclopentenylacetylene  (IQ 

B.  p.  66-67*  at  3  mni;  nJJ  1.4465;  d  }  0.9999;  dj*  0.9840;  MRp  51.096;  calculated  51.109 

0.1306  g  substance:  0.3062  g  CO,;  0.1225  g  1^0.  0.1028  g  substance;  0,2408  g  CQ|:  0,0958  g  1^0. 

0.1352  g  subsunce;  18.78  g  CeH^  At  0.20*.  Found  *51:  C  63.94,  63.88;  H  10.49,  10.43;  M  186.5.  C, ,11,109. 
Calculated  <^:C  33.83;  H  10.65;  M  188.36. 

Hydrolysis  of  product  (li), 

1)  3.5  g  substance  and  9  ml  water  with  3-4  drops  hydrochloric  acid  were  stirred  at  room  temperature  for 
1.5  hours.  The  product  was  neutralized  with  potassium  carbonate,  salted  out  and  dried  over  calcined  1C,C0^ 
Substance  (VI),  l-metnoxy-2-acetylcyclopentane,  was  obtained  with  b.  p.  131-132*  at  140  mm.  Yield  2  g. 

B.  p.  114-115*  at  72  mm;  n‘*  ^  1.4485;  dj  1.0009;  dj,*-*  0.9851;  MRj^  38.65;  calculated  38.598. 

0.0995  g  substance:  0.2463  g  CO,;  0.0850  g  H,0.  0.0566  g  substance:  0.1403  g  CO,,  0.0503  g  H,0. 

0.1330  g  substance;  18.92  g  CgH^*  At  0.27*.  0.0170  g  substance:  7  irl  0.1NNa,S,O,.  Found  C  67.54, 

67.63;  H  9  55.  9.94.  M  134.9:  CXTH,  21.28.  CgHuO^.  Calculated  ojo:  C  67.54;  H  9.93;  M  142.19;  OCH,  21.83. 

2)  5  g  substance  (II)  was  heated  with  vigorous  stirring  on  the  water  bath  for  1.5  hours  with  25  ml  10*^  H|30, 
and  a  few  crystals  of  HgSO,.  After  cooling  the  reaction  mass  was  neutralized  and  extracted  with  etlei.  The  ether¬ 
eal  solution  was  dried  with  potassium  carbonate.  3.5  g  of  substance  (VIII)  was  obtained  with  b.  p,  68-70*'  at 
16  mm.  Scmicarbazone  m  p  204*.  No  depression  in  melting  point  resulted  when  mixed  with  the  semicarbazone 
of  1-aretylcyclopentene-l  obtained  by  hydration  of  A,-cyclopentenylacctylenc. 

Hydration  of  cycloirrntenylacetylene.  To  a  mixture  consisting  of  0.6  g  H,S04,  0.6  g  HgSO,  and  45  ml 
7C‘J!i>  aqueous  methyl  alcohol  was  slowly  added  dropwise  13  g  of  the  hydrocarbon.  Addition  was  effected  at  such 
speed  that  the  temperature  In  the  reaction  flask  did  not  rise  above  50-55*.  At  the  conclusion  of  the  reaction  the 
mixture  was  poured  into  a  solution  of  sodium  carbonate  containing  ether.  The  ethereal  sclutlon  of  the  ketone  was 
dried  over  calcined  potassium  carbonate.  After  distilling  off  the  ether  and  methyl  alcohol,  the  Ketone  (VIII)  was 
distilled  in  vacuum.  Yield  52.8^  of  theory. 

B.  p.  61-61.5*  at  12  mm.  54“  at  8  mm;  n‘{)  1.4824:  dJ  0.9712:  dJ®  0.9586;  32.78;  calculated  31.87. 

0.0936  g  substance:  0.2612  g  CC^;  0.0770  g  H,0.  0.1577  g  substance;  15.72  g  Cc,Hj;  At  0.47*.  Found 
C  76.12:  H  9.20;  Ki  110.5:  C,H„0.  Calculated  ‘Jb:  C  76.32:  H  9.15;  M  110.15. 

The  semicarbazone  of  1-acetylcyclopentene-l*  was  prepared.  Its.  m.  p.  after  two  recrystallizations  from 
alcohol  was  206-208*. 

0. 0034  g  substance:  20.6  ml  N,  (771.3  mm,  23*).  Found«5J):  N  25.1  C,HuON,.  Calculated  ‘Jt.  N  25.13. 

Hydration  of  tt;a'-ethinylcyclopentanol.  To  a  mixture  of  u.6  g  H,S04,  0.6  g  HgS04  and  45  g  7C‘7<>  aqueous 
methanol  was  added  15  g  of  the  carbmol.  'The  mixture  was  heated  to  70“  and  stirred  for  2  ho'jrs.  'The  reaction 
products  were  worked  up  as  in  the  case  of  hydration  of  a-a’-cyclopemenylaceiylenc.  12.5  g  a  -ketoalcohol  (IX)  was 
obtained  (yield  71^). 

B.  p  73  73.5*  at  8  mm:  n}f  1.4645;  n*{j  1.4642;  dJ  1,0487;  dJ*  1.0323;  MRq  33.83;  calculated  33.86. 

0,1527  g  substance:  0,3666  g  CO,.  0.1250  g  H,0.  0.2836  g  substance;  15.66  g  CcH^*  At  0.71\  0.0902  g 
subsunce:  15,66  g  CrHg:  At  0,24*.  Found  ‘Jfc;C  65.46:  H  9.16:  M  132,  124.  C7Hi,0,.  Calculated ‘5fc;C65.59: 

H  9.43;  M  128.12. 

“The  semicarbazone  was  prepared  and  melted  at  174-175*  after  recrysulllzation  from  alcohol. 

Investigation  of  Dimer  (III) 

B.  p.  138-140*  at  1,5  mm;  n”  1.5150. 

0.1198  g  substance:  0.3335  g  CO,:  0.1028  g  H,0.  0.0855‘g  substance:  0.2378  g  CO,;  0.0756  g  H,0. 

0.1575  g  substance.  16.51  g  Ci-H,;  At  0.19*.  0.1914  g  subsunce:  16.63  g  C^H^-  At  0.24*.  0.0236  g  substance: 

10.6  ml  0.1  .  Na,S,0,  Found  C  75  92.  75.85;  H  9.60.  9.89;  M  260,  248.4;  OCH,  23.20;  C,eri,40^. 

Calculated  C  77.37;  H  9. 7;  M  248.3;  OCH,  25.0 


1-Acetylcyclopentene-l  was  prepared  [12]  by  boiling  A|-cyclopentenylacetylene  with  OO'Jt  formic  acid.  The 
consunu  of  the  ketone  deviate  slighUy  from  our  data. 
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Hydrolysis  of  the  dimer.  3.5  g  dimer  was  energetically  stined  at  room  temperature  with  25  ml  ethyl 
alcohol,  8  ml  water  and  1.5  ml  HCl  for  3  hours.  The  mixture  was  salted  out  with  potassium  carbonate,  extracted 
with  ether  and  dried  with  K,CO,.  2.2  g  of  product  (X)  was  obtained  with  b.  p  130-134*  at  1  mm;  b.  p.  94-96*  at 
0.1  mm.  ng  :.5190. 

0.0784  g  subsunce:  0.2197  g  CO,;  0.0659  g  H,0.  C.0749  g  substance:  0.2103  g  CO|:  0.0631  g  1V>. 

0.1325  g  substance:  18.84  g  CcHj  At  0.16''.  0.0190  g  substance:  4.1  ml  0.1  Na,S,03.  0.0246  g  substance: 

5.7  rrl  0.1  NNa,^0,.  Found  C  76.51,  76.57;  H  9.42,  9.43;  M  227.8;  OCH,  11.15,  11.16.  C^H^. 

Calculated  <^:  C  76.89;  H  9.46;  M  234;  OCH,  13.25. 

The  semicarbazone  was  prepared  and  re  crystallized  from  alcohol;  m.  p.  230*235*  with  decomposition. 
Test  for  hydroxyl  groups  was  negative. 


SUMMARY 

1.  Methyl  alcohol  reacts  with  A,-cyciopentenylacetylene  in  presence  of  boron  trifluoride  and  mer¬ 
curic  oxide  with  simultaneous  addition  of  one,  two  and  three  molecules  of  the  alcohol. 

2.  The  product  of  addition  of  one  molecule  of  the  alcohol  is  converted  in  the  reaction  conditions  Into 

the  dimer  which  on  hydrolysis  in  an  acid  medium  is  transformed  m  turn  into  a  ketone  “  7*methoxy-7- 

A,-cyclopentenylhexahydroindanone-4. 

3.  Addition  of  two  molecules  of  methyl- alcohol  to  A,'cyclopentenylacetylene  takes  place  at  the  triple 
bond  with  the  formaion  of  an  unsatmated  ketal. 

4.  The  product  of  addition  of  three  molecules  of  methyl  alcohol  to  the  hydtocarbon  corresponds  in  structure 
to  2,2*-dtmethoxy-2-A,*methoxycyclopentylethane. 

5.  It  is  shown  that  the  yellow  color  of  A,-cyclopentenylacetylene  is  due  to  a  trace  of  methylfulvenc. 
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DECOMPOSITION  OF  BENZOYL  PEROXIDE  IN  A  MEDIUM  OF  SOME  VINYL  COMPOUNDS 
M.  F.  Shoitakovtky,  E.  P.  Gracheva  and  V.  A.  Neterman 


Investigation  of  the  decomposition  of  benzoyl  peroxide  in  a  medium  of  vinyl  compounds  has  great 
practical  and  theoretical  interest  [1-6].  In  the  study  of  polymerization  processes  great  interest  attaches  to 
clarification  of  the  role  of  peroxides  and  to  the  character  of  their  decomposition  during  reaction  with  vuiyl 
compounds.  As  we  know  pi  benzoyl  peroxide  and  hydrogen  peroxide  sometimes  decompose  according  to 
tlie  scheme: 

(C,H,C0),0|  ♦  O; 

It  is  also  known  [8]  that  benzoyl  peroxide  decomposes  according  to  the  following  schemes  when  heated 
or  exposed  to  light  rays: 

(CeH,CO),0,  -►C,!!,  “C^  ♦  200^; 

(CeH,C0),0,  '^C,IVCCX>-C,H|  ♦  CO^. 

The  decomposition  of  benzoyl  peroxide  is  much  more  complicated  in  various  solvents.  In  this  case  free 
radicals  are  formed: 

(C,HeC0),0,  ♦  C«H,CCX)»  ♦  CO^, 

CeHjCOO'  -►  CeH,'  ♦  CO^. 

A  series  of  products  may  be  formed  as  a  result  of  reaction  of  the  free  radicals  with  the  solvent  [9-11]: 

CeHj*  +  CjHsCl— CeNj-CtHiO  ♦  H*; 

C<1V  ♦  ♦  !»• 

or  CiHg'  ♦  H’; 

CeH,COO’  ♦  CiHjCl  “►  C,l%COOH  ♦  C,N,C1*. 

According  to  the  literature,  therefore,  the  decomposition  of  benzoyl  peroxide  may  proceed  either  with 
release  of  oxygen  [12-15]  or  with  formation  of  free  radicals,  e.g.,  phenyl  aud  benzoate  radicals  [16-191 

In  the  course  of  a  study  of  polymerization  processes  it  was  important  to  establish  the  possibility  of  break¬ 
down  of  peroxides  by  a  mechanism  involving  oxidation,  •tearing  in  mind  that  the  literature  [9]  does  rwt  consider 
all  the  conditions,  in  particular,  of  polymerization  processes,  we  decided  that  a  closer  investigation  of  the  mech¬ 
anism  of  decomposition  of  peroxides  in  a  series  of  reactions  was  necessary. 

The  induction  process  proceeds  through  formation  of  intermediate  peroxy  compounds..  The  proposals  of 
Gelissen  and  Hermans  [10]  and  of  a  number  of  other  wa^e^pO  21]  on  the  course  of  decomposition  of  benzoyl 
peroxide  apply  only  in  presence  of  saturated  ar.d  inert  solvents  and  are  directly  related  to  the  polymerization 
reaction. 

The  present  authors  have  studied  the  decomposiuon  of  benzoyl  peroxide  in  a  medium  of  vinyl  acetate 
methyl  methacrylate,  styrene  and  vinyl  ethers.  Peroxides  were  used  both  in  small  and  relatively  large  amounts  in 
order  to  effect  a  more  detailed  investigation  of  the  «  composition  producu.  The  purpose  of  introduction  of  large 
amounts  of  benzoyl  peroxide  into  the  process  was  to  isolate  the  products  which  form  free  radicals  during  conversion 
and  dimerization.  The  very  first  experiments  showed  that  in  presence  of  a  large  excess  of  benzoyl  peroxide,  the 
polymerization  reaction  starts  remarkably  quickly  and  leads  to  formation  of  a  polymer  enclosing  particles  of 
peroxide.  In  order  to  avoid  this  behavior,  an  inert  solvent  (petroleum  ether)  was  utilized.  The  solvent  appreciably 
reduced  the  speed  of  polymerization,  which  permitted  degrees  of  decomposition  of  benzoyl  peroxide  of  up  to 
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gojfc  to  be  attained.  These  conditions  fully  permitted  the  InvestlRatlon  of  peroxlde-breakdown  products.  In  Table 
1  are  presented  the  results  of  a  study  of  the  process  of  decomposition  of  benzoyl  peroxide  In  a  series  of  vinyl 
compounds. 


TABLE  1 

Prod-jcts  of  Decomposition  of  Benzoyl  Peroxide  in  Vinyl  Compounds 


No. 

U>ed  in  reaction 

- 1 

Obtained 

in  the  reaction  !  Volume  of  ’ 

!  decomposition  of 
!  peroxide  with  0^ 
formation 

1  (CeaCO),0, 

fg)  1 

1  Compound  | 

Weight 
fR)  ! 

I 

lo, 

CO,  _ 

J  0|  obtained 

H.O  !  (■"’) _ 1 

1 

12.0 

1 

|CHt=CHCX:OCH, 

1 

72.1 

1 

10.7480 

0.0384  j 

0.03661  523.5 

04.33 

CH, 

1 

1 

1 

2 

12.0 

CH,=C  COCKH, 

100.1 

0.4043 

0.0171  j 

0,0542:  282.94 

51.0 

3 

12.0 

C4H4<-H=CH 

104.1 

• 

0.0738  I 

i 

1  ! 

In  these  experiments  'as  well  as  in  others)  crystalline  and  gaseous  products  formed  during  benzoyl 
peroxide  decomposition  were  isolated. 

One  of  these  products  was  benzoic  acid.  This  provides  conclusive  evidence  of  symmetrical  decomposition 
according  to  the  scheme:  (CeHjCO)jO, -*-20411*000.  Diphenyl  and  phenyl  benzoate  were  not  detected  among  the 
reaction  products. 

EXPERIMENTAL 
(  Experimental  data  of  V.  P.  Shishkova) 

Decomposition  of  benzoyl  peroxide  in  a  medium  of  vinyl  acetate.  The  main  part  of  the  apparatus  for 
study  of  decomposition  of  benzoyl  peroxide  is  a  three  necked  flask  of  800  ml  capacity.  The  central  neck  Is  con¬ 
nected  to  a  reflux  condenser.  One  of  the  other  openings  serves  ♦or  a  thermometer  and  the  other  for  insertion  of  a 
tube  through’  which  nitrogen  is  bubbled  The  nitrogen  from  a  gasholder  contains  0  b'%  oxygen  and  is  passed  through 
a  system  of  Drechsler  and  Liebig  bulb'  for  absorption  of  the  oxygen  carbon  dioxide  and  water.  Directly  attached 
to  the  leductoi  aie  two  bottles  filled  with  alkaline  pyrogallol  solution  for  absorption  of  the  oxygen  Tlie  nitrogen 
then  flows  through  sulfuric  acid  two  towers  containing  soda  lime  and  one  tower  contaming  CaC’|  and  then  through 
a  cotton  wool  filter.  In  front  of  the  reaction  flask  is  a  three-way  piece  with  one  limb  connected  to  a  mercury 
manometer  for  regulating  the  gas  pressure  in  the  system.  From  the  cotton  wool  filter  the  nitrogen  (now  pure  and 
dry)  passes  into  tlie  reaction  flask  via  a  bubbler. 

The  top  of  the  reflux  condenser  is  connected  to  a  system  of  absorption  vessels  in  the  following  order  (of  gas 
flow);  A  buffer  vessel  to  receive  any  reaction  ma's  or  conderi*ate  ejected  through  the  reflux  condenser,  a  U-tube  con¬ 
taining  CaCl|  for  abso)p»ion  of  HjO  two  coil-suaped  traps  cooled  to  “45  degrees  with  solid  carbon  dioxide  and 
acetone,  an  Ivitskvtype  bottle  containing  aqueous  Ca(OH)ji  a  U-tube  containing  active  carbon  for  absorption  of 
traces  of  organic  matter  not  retained  in  the  cooled  traps  two  U-tubes  containing  soda  lime  for  absorbing  CO^. 

All  of  the  gases  evolved  in  the  reaction  are  driven  out  with  nitrogen  and  pass  through  the  absorption 
system  before  being  collected  in  a  gasholder  over  a  saturated  aqueous  solution  of  sodium  chloride.  The  amount 
of  oxygen  was  determined  by  absorption  with  alkaline  pyrogallol  in  a  "TI-4"  apparatus. 

Substances  used  in  reactions  had  the  following  constants;  1)  Vinyl  acetate,  b.  p.  71.5-71. 9*  (737.4  mm); 
n^  1  3960;  2)  petroleum  ether,  b  p.  80-107*;  n^  1.4139;  3)  benzoyl  peroxide,  prepared  by  two  recrystallizations 
from  absolute  diethyl  ether,  m.  p.  102.7-103.0*. 

Into  the  reaction  flask  of  the  above -described  apparatus  were  introduced  72,12  g  vinyl  acetate.  12.0  g  benzoyl 
peroxide  and  120,03  g  petroleum  ether.  The  system  was  filled  with  pure,  dry  nitrogen.  The  temperature  of  the 
reaction  medium  was  gradually  raised  to  86*.  The  maximum  temperature  during  an  experiment  was  87.5*.  At  the 
end  of  the  first  hour,  at  a  temperature  of  about  53*.  the  whole  of  the  benzoyl  peroxide  had  dissolved  and  evolution 
of  fi.ne  gas  bubbles  which  rose  up  was  observed.  At  70*  the  mass  was  observed  to  hai  and  condensate  at  times 
filled  part  of  the  lower  bulb  of  the  reflux  condenser.  The  temperature  was  maintained  for  3  hours  at  70-86*,  after 
which  the  reaction  flask  was  cooled  while  a  nitrogen  stream  was  continuously  passed  through  the  system.  The 
pressure  during  an  experiment  was  18-20  mm.  The  total  duration  of  an  experiment  was  5  hours.  During  a  reaction 
5000  ml  gas  containing  10.47  vol  '^o  oxygen  was  collected  in  the  gasholder  the  amount  being  converted  to  normal 
temperature  and  piessure  (Table  2j. 
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Thus  94.3*^  (11.32  g)  of  the  benzoyl  peroxide  introduced  was  decomposed  with  evolution  of  oxygen. 
Assuming  that  CQ|  also  originated  from  decomposition  of  peroxide,  we  must  assume  that  the 

original  benzoyl  peroxide  decomposed  to  give  CO^.  >  .  ,  .  . 

TABLE  2 


Obtained 


Cl^=CHOCOCH, 
(C,H,CO),C^ 
Petroleum  ether 


Solution  of  polymer  in  petroleum  ether 
Crude  polymer 


Total  '  204.15 


Condensate  Ln  trap 


Tube  containing  active  carbon 


A  second  possible  source  of  the  COj|  is  oxidative  decomposition  of  the  starting  substances,  principally 
vinyl  acetate.  This  possibility  is  supported  by  the  fact  that  the  following  amount  of  water  was  formed  during 
the  reaction:  a)  found  0.0366  g:  b)  calculated  from  the  CQi  assuming  complete  oxidation  to  1^0  and  CO^, 

0.012  g,  i.e.,  the  water  found  was  three  times  as  much  as  would  correspond  to  the  amount  of  COj  found  whose 
absorption  cannot  be  quantitiative  due  to  the  high  velocity  of  the  nitrogen  stream.* 

In  addition  to  the  gaseous  reaction  products  great  interest  attache  s  to  the  products  formed  directly  in 
the  reaction  flask.  The  reaction  yielded  a  polymer  which  settled  out  in  the  form  of  a  viscous,  resinous  mas% 
and  an  upper  layer  comprising  a  solution  of  individual  reaction  products  in  petroleum  ether.  The  total  quantity 
of  reaction  mixture  was  199,49  g,  from  which  were  isolated  91.62  g  "cude  polymer"  and  107.87  g  solution 
with  a  marked  odor  of  petroleum  ether  and  a  faint  odor  of  vinyl  acetate.  ■ 

The  "crude  polymer"  was  dissolved  in  acetone  by  heating  on  the  water  bath  and  was  treated  with  71.5 
ml  5^0  aqueous  KOH  A  polymer  was  thus  obtained  in  the  form  of  a  white,  curd-like  mass,  and  the  aqueous 
acetone  alkaline  solution  containing  potassium  benzoate  was  separated  The  acid  was  isolated  by  treating  the 

residue  after  evaporation  with  H{S04  and  repeatedly  crystallizing  it 
from  water  Benzoic  acid  was  identified  by  the  m,  p,  of  121.5*  and 
by  the  m,p.  of  120.8*  of  the  mixed  sample. 

From  the  petroleum  ether  solution  after  supplementary  freezing 
»  A  at -50*  was  isolated  a  further  2  4  g  polyvinyl  acetate;  after  this  the 

^  \  total  solution  (101.3  g  with  n”  1.4151  )  was  fractionated  to  give  the 

Jo  '  \  following  fractions:  1)  b  p  76-85.8*  17.37  g,  nJJ  1,4128;  2)  b.p. 

'  /  \  85  8-102  5*.  77.62  g.  n”  1.4120;  3)  flask  residue  4,43  g. 

5'^'  /a  The  second  fraction  was  refractionated:  1)  b.  p.  77-85.5*  9.81  g. 

H(  ■  j  n”  14158;  2)  b.  p.  85. 5-y4*  62.36  g.  n^  1.4135.  J)  flask  residue 

joL  /  2  CO  g,  nJJ  1.4154. 

The  residues  from  both  fractionations  were  combined  and  refrac- 
tionated;  1)  b.  P  50-93*  3.91  g,  2)  b.  p.  50-70*  (11  mm)  0.33  g; 

3)  residue  2.60  g. 

The  first  fraction  (3  91  g)  obtained  by  fractionation  of  the  residues 
was  again  fractionated'  ll'b.  p.  65-85*  0.68  g,  n^  1.4C84;  2)  b.  p. 
85-102  *  2.55  g.  n”  1.4138;  d)  residue  0.26  g,  n^  1.4140. 

The  first  fraction  had  a  sharp  odor  of  acetic  acid. 

On  fractionation  of  the  products  of  reaction  contained  in  the  petroleum  ether  solution,  in  all  the  experi¬ 
ments  white  crystals  of  benzoic  acid  were  deposited  on  the  sides  of  the  dephlegmator  and  the  condenser  (m  p. 
121.5*). 

Finally,  *Jie  condensate  in  the  CO^-coied  trap  was  examined.  In  all  1.90  g  of  readily  volatile  liqu-Hl 

It  dissolved  completely  in  water.  The  aqueous  solution  gave  the  character- 


tidrt  (if!  hou^^) 


with  a  pungent  odor  was  collected. 


•  The  uap  containing  Ca(OH)|  solution  showed  that  carbon  dioxide  begins  to  come  off  immediately  after  solution 
of  the  whole  of  the  benzoyl  peroxide.  e* 


TABLE  3 


istic  reaction  for  acetaldehyde  with  fuchslne  rulfuric  acid. 

0.0786,  0.0613  g  subsunce:  0.0035,  0.0030  g  CHjCHO  (according  to  Ripper).  Found  CHjCHO  4.45.4.8$ 

II.  Decomposition  of  benzoy  I  peroxide  in  methyl  methacrylate.  Materials  used:  1)  methyl  methacrylate, 
b.  p.  24-31  5.*  (35-37  mm)  n”  1.4156;  2)  pcttoleum  ether,  b.  P,  80-107*,  n|J  1.4139;  3)  benzoyl  peroxide, 
m.  p.  102.7-103.0*. 

The  experiment  was  performed  in  the  above-described  apparatus  but  omitting  the  Ca(OH)2  bottle.  Into 
the  reaction  flask  were  charged  100.1  g  methyl  methacrylate,  120.1  g  petroleum  ether  and  12.0  g  benzoyl 
peroxide.  The  rate  of  heating  of  the  reaction  mixture  is  plotted  in  the  diagram.  The  whole  of  the  benzoyl  per¬ 
oxide  had  dissolved  in  about  40  minutes  after  the  surt  of  the  reaction  at  a  temperature  of  about  53".  gas  bubbles 
appeared  at  the  surface  of  the  liquid  which  rapidly  began  to  grow  turbid.  A  white  flocculent  precipitate  of  poly¬ 
methyl  methacrylate  settled  to  the  bottom  of  the  reactor;  after  1.5  hours  the  solution  was  highly  viscous  and 
a  solid  mass  of  polymer  was  at  the  bottom.  The  total  duration  of  the  experiment  was  2  hours  40  minutes;  the 
maximum  temperature  during  the  experiment  was  88*.  A  total  of  5098  ml  of  gases  was  collected  in  the  gasholder 
and  the  oxygen  content  was  5.55  vol.^jS?  In  the  trap,  cooled  in  a  Dewar  flask,  was  collected  about  2  g  substance 
with  a  sharp  aldehydic  odor,  1.3940  (Table  3). 

51<^  (6.1204  g) 
of  the  benzoyl  peroxide 
used  in  the  reaction  was 
decomposed  to  oxygen 
but  if  we  assume  that 
the  CC^  originated  from 
decomj^sition  of  peroxide 
then  the  amount  of  CO^ 
found  corresponds  to 
0.78*5^  benzoyl  peroxide. 
The  amounts  of  water 
found  and  calculated 
(on  the  basis  of  the  CO^) 
are  in  close  ag’eement: 
Found :  0. 054  g, 
calculated  from  the  €0^:0.056  g. 

The  upper  layer  was  poured  off  from 
the  polymer  in  the  flask  and  cooled  to— 15* 
when  1.25  g  white  crystals  came  down. 

M.p.  100.5*;  no  depression  of  melting 
point  when  mixed  with  benzoyl  peroxide. 
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yCH, 

CH,=C-COOCH, . 

i 

i  100. 12i 

Solution . 

70.33 

(CtH^co),qi . 

12.00, 

Polymer  (crude) . 

157.27 

Petroleum  ether 

120.07 

cok . ; 

0.0171 

Total 

232  19 

'  Tube  containing  active  carbon  | 

Q, . i 

1  0.0567 

i  0  40-13 

H^O . 

Condensate  in  trap . 

0.0542 

1.97 
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Total  1 
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230. 1023 

TABLE  4 


Taken 

i  8 

1  Obtained 

g 

C6H5CH=C1V . 

,  I  104.14 

Solution . 

232.80 

(CeHtCO),0| . 

.  i  12.0 

'  Condensate  .  .  .  .  i 

0.92 

Petroleum  ether .  . 

.  1  120.0 

iCOi .  i 

0.0738 

Total 

I  236.14 

i  Total  j 

233.79 

111.  Decomposition  of  tenzoyl 
peroxide  in  a  styrene  medium.  Materials 
used  in  the  reaction  were  104.14  g  distilled 
pure  styrene  b.p  34-35*  [10]  n”  1.5462; 
120.0  g  petroleum  ether  and  12.0  g  benzoyl 
peroxide.  Duration  of  experiment  2 
hours  17  minutes  maximum  temperature  86.5*;  total  ga*  volume  3728  ml. 

No  oxygen  was  found  on  analysis  of  the  collected  gases.  The  absence  of  oxygen  is  fully  understandable 
when  we  take  into  account  the  ease  of  oxidation  of  styrene  [22], 

The  following  observations  were  made  in  the  reaction:  1)  The  weight  of  the  tube  with  active  carbon 
increased  by  0.0028  g  2)the  amount  of  condensate  in  the  trap  was  0*92  g,  ng  1.3880;  3)  tube  containing  soda  lime 
increased  ui  weight  by  a)  0.0552  g,  b)  0.0186  g. 

In  addition  a  solution  of  turbid,  oily  liquid  was  obtained  with  a  predominant  odor  jf  petroleum  ether 
The  weight  of  the  solution  was  232  80  g:  ng  1.4789  On  standing  the  solution  deposited  a  lieavy  oily  liquid  m 

quantity  of  1.9  g.  ng  1.3485  (Table  4).  •  ^ 
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On  converting  the  quantity  of  evolved  C<^  to  benzoyl  peroxide  we  obtain  a  value  of  3.38^  for  • 
decomposition  of  the  peroxide. 

the  reaction  of  vinyl-n-butyl  ether  with  benzoyl  peroxide.  (Experimental  work 
by  E.  P.  Gracheva).  100  g  vinylbutyl  ether  and  12  g  benzoyl  peroxide  were  placed  in  a  round 'bottomed  flask 
fitted  with  a  mechanical  stirrer. 

After  heating  for  38  hours  the  reaction  mixture  was  hactionated:  1)  b.p.  94*  97.1  g,  n?J  1.4023.  te. 
unchanged  vinylbutyl  ether:  2)  b.p.  74-75*  (12  mm)  4.7  g.  ng  1.4040,  dj*  0.8260. 

13.01  mg  substance:  14.60  mg  1^0;  32.30  mg  CC^.  10.22  mg  substance^  11.61  mg  H^O;  25.43  mg 
CO^.  Found  C  67.75,  67.90:  H  12.55,  12.71.  Calculated  ‘Jt:  C  68.4;  H  12.9. 

After  taking  off  the  above  fractions  the  residue  in  the  flask  was  a  viscous  mass  (13.1  g).  A  part  of  the 
residue  was  treated  with  hot  water,  filtered  from  insoluble  material  and  left  to  stand:  large  white  crystals 

came  down  with  m.p.  120-121*.  Yield  3.75  g.  A  mixture  with  benzoic  acid  did  not  depress  the  melting 
point 

The  residue  on  the  filter  was  insoluble  benzoyl  peroxide  (m.p.  102-103*)  in  amount  of  4.21  g;  The 
other  portion  of  the  residue  (2.5  g)  dissolved  in  benzene.  The  solution  was  saturated  with  dry  ammonia: 
a  voluminous  precipitate  was  fonned  which  was  again  filtered  and  subjected  to  a  supplementary  extraction 
with  hot  benzene.  This  treatment  left  a  residue  of  1.1  g  ammonium  benzoate  on  the  filter:  m.p,  180-181*. 

It  did  not  depress  the  melting  point  of  an  authentic  specimen. 

SUMMARY 

1.  It  is  shown  that  in  a  medium  of  vinyl  compounds  benzoyl  peroxide  is  mainly  decomposed  into 
benzoic  acid  and  oxygen. 

2.  The  CfHiCOO*  or  CH|COO*  radicals  may  undergo  secondary  decomposition  with  loss  of  oxygen  [13). 

3.  Peroxides  are  sources  of  bodi  free  radicals  and  oxygen,  and  the  latter  is  a  catalytic  initiator  of  the 
free-radical  chain  reaction  of  polymerization. 

4.  DeccTjposition  of  benzoyl  peroxide  in  a  medium  of  a  series  of  solvents  with  formation  of  free  phenyl 
radicals  and  benzoate,  as  established  by  Gelissen  and  Hermans,  cannot  be  regarded  as  the  invariable  type  of 
rea«,tion  m  all  forms  and  conditions  of  processes  of  polymerization  initiated  by  peroxide. 

5.  The  scheme  advanced  by  us  for  decomposition  of  pe.-oxides  is  fully  consistent  with  the  polymerization 
conditions  caused  not  only  by  radicals  but  also  by  atnxispheric  oxygeaand  is  in  complete  accord  with  the 
mechanism  of  action  of  inhibitors. 

6.  Benzoyl  peroxide  does  not  promote  the  processes  of  polymerization  of  vinyl  ethers,  which  fact  Is 
indirect  proof  of  the  correctness  of  out  scheme  for  the  decompojitlon  of  peroxides.  This  conclusion  is  fully 
consistent  with  the  fact  that  oxygen  does  not  promote  the  polymerization  of  vinylalkyl  ethers. 
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ACETYLENIC  ALCOHOLS  AND  GLYCOLS 


L  SYNTHESIS  AND  TRANSFORMATIONS  OF  1,4-BUTYNEDIOL 


M.  F.  Shoitakovtky  and  A.  V.  Bogdanova 


l,4*ButynedK)l  is  prepai?d  by  condensation  of  acetylene  with  formaldehyde  [1,2].  Concerning  the 
transformations  of  1,4-buiynediol  we  know  that  it  can  be  biomlnated,  forms  a  dimethyl  ether  [31  and 
adds  on  water  [4]  and  hydrogen  [51  Dlacetyiene  can  be  obtained  by  chlorination  of  butynediol  followed 
by  detachment  of  hydrogen  chloride  [61  There  are  indications  that  pyrroles  can  be  prepared  from  butynediol. 
Like  acetylene,  butynediol  can  be  cyclized,  forming  hexameahylol  benzene  which  can  be  oxidized  to 
mellitic  acid. 

It  appeared  of  interest  to  us  to  investigate  the  reaction  of  butynediol  with  vinyl  ethers.  Such  an 
investigation  was  also  expedient  because  the  only  compounds  of  butynediol  containing  ethereal  groups 
mentioned  In  the  literature  are  the  dialkyl  ethers  (dialkoxybutynes).  These  are  prepared  by  the  action  of 
chloromethylalkyl  ethers  on  acetylene  dimagnesium  bromides  (71 

Butynediol  is  synthesized  from  formaldehyde  and  acetylene  under  the  influence  of  acetylides  of 
metals  according  to  the  equation: 


♦  CHLTCH—**  CH^C-CHjOH - ^CH,OH-C?'^C-CH^Oa 


A  study  was  made  of  the  effect  of  temperature  pressure,  duration  of  heating  and  type  of  catalyst  on 
the  course  of  this  synthesis.  Wc  deviated  from  the  literature  procedure  by  not  dilutmg  the  acetylene  with 
nitrogen,  theieby  considerably  simplifymg  the  experimental  technique  and  increasing  the  efficiency  of  the 


conversion. 

Witii  the  ai-m  of  standardizing  the  preparative  method  we  performed  the  synthesis  of  butynediol  by 
the  above-mentioned  condensation  [2]  in  an  autoclave.  Utilization  of  a  catalyst  supported  on  silica  gel  permits 
the  yield  of  butynediol  to  be  increased.  One  portion  of  catalyst  czn  serve  for  ten  consecutive  charges  of 
formaldehyde. 

A  study  was  made  of  the  reactions  of  burync  liol  with  vinylethyl  and  vinylbutyl  ethers  according  to  the 
scheme; 

Cl^OH-C' -C-CH,OH  +  Cfh=CI+-OR— *-  CH,0FM:  C-C1^0-CH-0R~^"-^  — ^-RO-Ctl-OCi’^-C  C-CIL-CH-OR. 

I  I  I 

CH,  CHj  CH, 

This  reaction  was  carried  out  both  with  a  catalyst  (traces  of  acid)  and  thermally  without  a  catalyst  [8], 

The  reaction  yielded  mono-  and  di-o  alkoxyethyl  ethers  of  butynediol  in  the  form  of  colorless,  pleasant¬ 
smelling  liquids  soluble  in  organic  solvents  (the  monoethers  were  difficultly  soluble  in  benzene).  All  the 
investigated  ethers  decomposed  when  heated.  Diethylacetal  was  isolated  from  the  products  of  decomposition 
of  the  di-a-ethoxyethyl  ether  of  butynediol.  The  di-c -ethoxy  ethers  were  more  stable  than  the  corresponding 
di-a-butoxy  ethers  and  they  can  be  distilled  at  atmospheric  pressure  with  only  partial  decomposition.  The 
residues  after  fractionation  of  the  a-alkoxyethyl  ethers  of  butynediol  are  transparent,  brown  resins  which 
decompose  explosively  when  heated.  The  structure  of  the  mono-  and  di-c -alkoxyethyl  ethers  of  butynediol  was 
established  by  hydrolysis  [9].  We  demonstrated  the  presence  of  a  triple  bond  in  the  derived  acetals  by 
hydrogenating  the  di-a-butoxyethyl  ether  of  butynediol  over  platinum  oxide;  the  triple  bond  underwent  exhaustive 
hydrogenation  and  the  acetal  was  degraded. 


Laboratory  assistant  M.  S.  Egorova  participated  in  the  experimental  work. 
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EXPERIMENTAL 

Preparation  of  1  4-butynediol.  Commercial  30‘!5»  formalin  and  technical  acetylene  were  utilized  for  the 
synthesis.  Commercial  reagents  of  the  normal  degree  of  purity  were  used  in  preparation  of  the  catalyst, 

The  catalyst  and  217  g  formalin  were  charged  into  a  2.5  liter  rotating  autoclave  equipped  with  a 
thermocouple.  A  stream  of  acetylene  was  passed  through  the  autoclave  to  establish  an  acetylene  pressure 
of  13*15  atm.  The  autoclave  was  rotated  and  heated  to  97-105*  in  the  course  of  one  hour.  After  cooling 
and  further  addition  of  acetylene,  heating  was  effected  for  another  3  hours.  During  this  period  43-49  liters 
of  acetylene  was  absorbed.  After  cooling,  the  autoclave  was  discharged,  the  liquid  product  being  carefully 
decanted  from  the  catalyst.  217  g  formalin  was  added  to  the  catalyst  residue  in  the  autoclave  and  the 
operation  was  repeated  in  the  above  manner.  The  discharged  product  was  filtered  through  filter  paper 
(220  ml  filtrate);  it  consisted  of  a  transparent,  yellow  liquid.  The  water  was  distilled  off  at  47-50  mm; 
the  residue  contained  69.5  g  crystalline  butynedlol,  m.p.  55-57'*.  Yield  of  technical  product  80.8*^01  theory. 
Vacuum  fractionation  of  69.5  g  of  technical  product  gave  58.7  g  with  b.p.  151-152*  at  23  mm  and  a 
residue  of  9.1  g.  The  latter  was  a  dark-colo»ed  resin  soluble  in  water. 

The  prepared  butynediol  had  b.p.  151-152*  at  23  mm;  137-138*  at  10  mm;  m.p.  57-58*. 

Literature  data:  b.p.  132-135*  (5  mm);  m.p.  55-58*  [2]. 

15.14  mg  substance:  30.85  mg  CO,;  9.41  mg  1^0.  15.47  .mg  substance:  31.53  mg  CQ,;  9.84  mg 

H,0.  Found ‘5k;  C  55.61,  55.62;  H  6.95,  7.11.  C4H*0,.  Calculated‘S):  C  55.81;  H  6.98. 

The  yield  of  pure  butynediol  was  68.3%  of  the  theoretical. 

Reaction  of  butynediol  with  vinyl  ethers.  Butynediol  with  b.p.  137-138*  (10  mm)  and  m.p.  57-58*  was 
used  in  all  the  transformations.  The  butynediol  was  stored  in  a  bottle  from  which  the  air  was  evacuated.  The 
stopper  of  this  bottle  was  provided  with  a  tap  for  creating  a  vacuum  or  for  filling  with  nitrogen  when  a  quantity 
was  being  weighed  out.  The  vinyl  ethers  were  purified  (10]  and  their  constants  agreed  with  those  in  the 
literature  Vinylbutyl  ether;  b.p.  93.5-94*.  n|j  1.4 015.  vinylethyl  ether,  b.p.  35.5-36*.  njj  1.3780. 

The  dioxane  used  was  purified  [11]  and  had  b.p.  101-101  5*:  freezing  point  11  6*. 

a)  Catalytic  reaction  of  butynediol  with  winylethyl  ethc  in  dioxane  solution.  A  solution  of  43  g 
(0,5  mole)  butvned.ol  m  50  g  dioxane  prepared  at  +40",  was  placed  in  a  three-necked  flask  fitted  with 
theimometer,  stirrer,  dropping  tunnel  and  reflux  ondenser.  A  drop  of  concentrated  hydrochloric  acid  was 
added  while  stirring,  and  addition  was  then  made  dropwise  ovet  a  period  of  3  hours  of  75  g  vinylethyl  ether. 
During  tfiis  stage  the  temperature  of  the  reaction  mixture  was  raised  to  36-42*.  Addition  of  the  whole  quantity 
of  vinylethyl  ether  was  followed  by  continued  heating  on  the  water  bath  at  48-50*  for  2]  hours.  The  discharged 
product,  a  slightly  colored  liquid,  was  treated  with  powdered  potassium  carbonate  and  left  over  the  latter 
overnight.  It  was  filtered,  46.8  g  dioxane  was  distilled  off  (in  a  stream  of  dry  nitrogen  and  in  presence  of  a 
small  crystal  of  pyrogallol),  and  the  residue  distilled  in  vacuum.  The  first  fraction  (14  g)  had  b-.p.  30-134* 
at  12  mm:  the  second  fraction  (89.2  g)  had  b.p.  134-138*  at  12  mm;  the  third  fraction  (5.7  g)  had  b.p.  138-150* 
at  12  mm.  The  residue  weighed  7.5  g  No  condensate  was  found  in  the  coil  of  the  receiver  which  was 
coo’ed  to  “40*.- 

The  fust  fraction  was  fractionated  to  remove  the  dioxane  and  then  combined  with  the  second  fraction. 
Fractional  vacuum  distillation  of  the  latter  gave  88  g  of  material  with  the  constants;  b.p.  126-127*  at  8  mm; 
254-255*  at  736  mm  (with  slight  decomjvisition):  ng  1.4400.  dj*  0.9749;  MRq  62.26;  calculated  62.19. 

0,2572  g  substance;  15.81  g  benzene  At  0.370*.  0  2338  g  substance:  15.81  g  benzene;  At  0.340*. 

Found  M  225.1,  222.7.  CuHaO^.  Calculated.  M  230.29.  3.830  mg  substance;  8.804  mg  CO,;  3.300 

mg  H,0.  3  604  mg  substance:  8.310  mg  CO,;  3.069  mg  1^0.  Found  %  C  62.72  ,  62.92;  H  9.63,  9.52, 

CiiH,,04,  Calculated  %:  C  62.57;  H  9.63. 

The  isolated  product  is  the  di-a-ethoxyethyl  ether  of  butynediol.  Yield  76.5‘Jk. 

Reaction  of  butynediol  with  vinylethyl  ether  in  the  autoclave  without  catalyst.  43  g  butynediol  and 
75  g  vinylethyl  ether  were  introduced  mto  a  0.5  liter  autoclave.  While  rotating,  the  autoclave  was  heated  to 
88-96  in  the  course  of  9  hours.  After  coding;  112  g  of  clear  liquid  product  was  discharged  and  fractionated 
in  vacuum:  First  fraction  b  p.  up  to  129*'  at  28  mm  -10,5  g.  second  fraction  b.p.  129-131*  at  28  mm  -90.5  g. 

third  fraction,  b.p.  131-134“  at  29  mm  -2.0  g,  residue  4.0  g.  In  the  coil  of  the  receiver,  cooled  to  -40“  1.0  g 
of  condensate  collected. 
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Tht  first  fraction  was  freed  from  low'boillng  constituents  by  fractionation  and  then  combined  with  the 
second  fraction.  Tlie  low-boiling  portion  of  the  first  fraction  was  combined  with  the  condensate  in  the  receiver 
coil. 

The  second  fraction  was  the  di-e-ethoxyethyl  ether  of  butynediol  which  had  the  following  constants  after 
fractionation:  b.p.  128.0-129.0  at  9,5  mm;  nJJ  1.4400;  dj*  0.9752.  Yield  78. of  theory. 

Examination  of  the  condensate  in  the  coil  of  the  receiver  (cooled  to  ~*40*).  The  condensate  contain^ 
traces  of  acetaldehyde  (reaction  with  fuchsin-sulfurous  acid).  The  condensate  from  this  experiment  was 
combined  with  the  condensates  from  several  similar  experiments;  repeated  fractionation  at  atmosphe:;:  pressure 
then  led  to  the  isolation  of  diethylacetal  with  the  constants:  b.p.  102-103.5'  (747  mm);  ng  1.3816;’ dj*  0.8295; 
MRq  33.12;  calculated  33.19. 

Isolation  of  the  diethylacetal  in  this  case  raises  the  question  of  the  thermal  decomposition  of  the  prepared 
ethers  of  butynediol. 

c)  Preparation  of  the  mono-  a-ethoxyethyl  ether  of  butynediol.  In  the  conditions  of  the  above -described 
experiment  43  g  (0.5  mole)  butynediol  aid  37  g  (0.5  mole)  vinylethyl  ether  were  charged  into  the  autoclave. 

The  rotating  ai.toclave  was  heated  to  81-88’  in  the  course  of  l{  hours.  After  cooling,  the  clear  product  (74.5  g) 
was  fractionated  in  vacuum:  First  fraction,  b.p.  105-128*  at  13  mm  -9.8  g;  second  fraction,  b.p.  128-129*  at 
13  mm  —30.6  g;  residue  29.4  g. 

When  the  residue  was  cooled  it  deposited  crystals  of  unchanged  butynediol.  These  were  separated  from 
the  liquid  and  weighed  18.9  g  after  washing  with  ether  and  drying  in  a  vacuum  desiccator.  M.p.  56-57*.  The 
coll  of  the  receiver,  cooled  to  —40*.  was  found  to  contain  4.0  g  condensate. 

The  fust  fraction  was  divided  between  the  coil  condensate  and  the  second  fraction.  After  fractionation 
the’  second  fraction  had  the  following  constants:  b.p.  124-124.5"  at  10  mm;  ng  1.4550;  dj*  1.0192,  MR^  41.95; 
calculated  42.12. 

3.580  mg  substance:  8.019  mg  CO^;  2.820  mg  H2O.  3.355  mg  substance:  7.510  rag  CO^;  2.700  mg 

H^O.  Found  «^C  61.13.  61.09;  H  8  81.  9  00.  Calculated  •%-.  C  60.73;  H  8.92. 

The  obtained  data  enable  us  to  identify  the  product  as  the  mono- a-ethoxyethyl  ether  of  butynediol. 

Yield  69  l‘55»of  theory,  calculated  on  the  reacted  butynediol. 

d)  Catalytic  teact.on  of  butynediol  with  vinylbutyl  ether  in  dioxane  solution.  In  the  previously  described 
conditions  dropwise  addition  was  made,  with  stirring,  of  110  g  vinylbutyl  ether  over  a  period  of  Ij  hours  to  a 
solution  of  43  g  butynediol  in  50  g  dioxane  in  presence  of  a  drop  of  concentrated  hydrochloric  acid.  The  mixture 
was  then  heated  to  40“  in  the  course  of  3  hours,  and  after  cooling  it  was  treated  with  potassium  carbonate.  48  g 
dioxane  was  distilled  off  in  a  dry  nitrogen  stream.  The  residue  was  distilled  in  vacuum:  First  fraction,  40-117* 
at  15  mm  —18  6  g;  second  fraction,  117-167*  at  12  mm  —5.0  g,  third  fraction,  167-170*  at  12  mm -^6.8  g; 
residue  18.6  g  5  g  liquid  product  collected  in  the  coil  receiver  which  was  cooled  to— 49*. 

From  the  first  fraction  was  isolated  14  g  dibutylacetal  with  b.p.  184,5-185*;  ng  1.4090;  dj*  0.8280, 

These  constants  agree  with  the  lireiature  data  [12,13], 

Vacuum  fractionation  of  the  second  and  third  fractions  yielded  90.0  g  of  a  product  with  the  constants: 
bp.  152-153*  at  3  mm;  ng  1  4445.  dg  0  9355.  MRq  81.32;  calculated  80.66. 

0.2524  g  substance:  13.09  g  benzene.  At  0.36*.  0,2394  g  substance,  13,09  g  benzene:  At  0.34*. 

Found  M  274.25,  275  40.  Ci.KjjO^,  Calculated:  M  286.40.  4.230  mg  substance:  10.414  mg 

COj;  4  110  mg  HjO.  3  689  rna  substance  9.084  mg  CO,.  3  530  mg  11,0.  Found‘d;  C  67.22; 

67.20;  H  10,87,  10.70.  Ci^HjoO^.  Calculated  %  C  67.10.  H  10.56. 

The  isolated  product  is  the  di-a-butoxyethyl  ether  of  butynediol.  Yield  64.3*70  01  the  theoretical.  The 
residue  was  brown,  viscous  liquid. 

cj  Reaction  of  butynediol  with  vinylbutyl  ether  in  the  autoclave  without  catalyst.  60  g  (0.7  mole) 
butynediol  and  150  g(l  5  moles)  vinylbutyl  ethervee  placed  in  a  0.5  liter  relating  autoclave.  The  autoclave, 
while  rotating  w^heated  to  96*110*  in  the  cour.se  oi  8j  hours.  After  cooling,  the  clear  liquid  product  (192  g) 
v*® fractionated  in  vacuum  in  a  stream  of  dry  nitrogen  in  presence  of  a  crystal  of  pyrogallol.  First  fraction, 
up  to  85*  at  18  mm.  11  g;  second  fraction,  85-147*  at  18  mm.  6.5  g;  third  fraction.  147-156*  at  18  mm.  28.5  g; 
fourth  fraction.  156  l6r  at  18  mm,  64.5  g.  fifth  fraction.  167-170*  at  18  mm,  49.0  g;  residue  16.2  g.  10  g 
liquid  was  condensed  in  the  coil  receiver  (cooled  to— 40"). 
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TTie  first  friction  give  i  strong  reiction  for  icetildchydc  with  fuchsin^sulfuroui  icid«  Butyl  ilcohol  with 
the  following  constints  was  iiolited  from  it  by  two  fractionitioni;  b.p.  11 7-118*;  1,3990;  dj*  0.8040. 

Dibutylacetal  with  the  following  constants  was  separated  from  the  second  fraction:  b.p.  185-185.5*; 
n{{  1.4095;  dj*  0.8282.  These  values  agree  with  the  literature  data  [12-14]. 

The  third  fraction  was  butynediol.  which  crystallized  In  the  receiver  and  had  the  following  constants 
after  distillation:  b.p.  137-137.5*  (9  mm);  m.p.  57*68*. 

On  the  followLng  day  6  g  crystalline  butynediol  was  filtered  off  from  the  fourth  fraction:  two  fractionations 
of  the  filtrate  then  gave  5  g  of  a  product  with  the  following  constants:  b.p,  121-122*  (3  mm);  n^  1.4570;  dj* 
0,9745;  MRq  52.05:  calculated  51.19. 

0.2338  g  substance;  18.81  g  dioxanc:  At  0.33*.  0.1482  g  substance;  18.81  g  dloxane:  At  0.215*. 

Found:  M  188.38,  183.25.  Calculated:  M  186.244.  15.26  mg  substance:  35.76  mg 

COj;  13.68  mg  1^0.  9.69  mg  substance:  22.67  mg  CQi;  8.53  mg  i^O.  Found  ^  C  63.95,  63.76; 

H  10.03.  3.84.  C|sHtP|.  Calculated  <5t:  C  64.49;  H  9.74. 

The  isolated  substance  is  the  mono-a*butoxyethyl  ether  of  butynediol. 

The  residue  from  the  fourth  fraction  was  combined  with  the  fifth  fraction  and  twice  distilled  in  vacuum 
to  give  51.0  g  product  with  the  following  constants:  b.p.  151-152*  (2  mm):  1.4440;  0.9353:  MKjj  81.32: 

calculated  80.60. 

3.73  mg  substance:  9.200  mg  CO^;  3.586  mg  H^O.  5.378  rag  substance:  13.244  mg  C(\;  5.160  mg  1V>. 
Found  <5fc:  C  67.31.  67.21;  H  10.85.  10.83.  Calculated  C  67.10;  H  10.56. 

The  isolated  substance  is  the  di-a*butoxyetbyl  ether  of  butynediol.  Its  yield  is  60.2^  of  the  theoretical 
based  on  the  reacted  butynediol.  The  residue  is  a  resinous,  transparent,  viscous  liquid. 

f)  Preparation  of  the  mono-q-butoxyethyl 
ether  of  butynediol.  43  g  (0.5  mole)  butynediol 
and  50  g  (0.5  mole)  vinylbutyl  ether  were  heated 
in  an  autoclave  in  the  conditions  of  the  preceding 
experiment  to  96-104*  in  the  course  of  hours. 

89  g  of  clear  product  was  discharged  and  after  3  hours 
this  deposited  crystalline  butynediol  (5  g).  The 
filtrate  was  fractionated  in  vacuum:  First  fraction. 
23-120*  at  4  mm,  2.9  g;  second  fraction,  120-127* 
at  4  mm,  17.1  g;  third  fraction,  127-134*  at  4  mm, 

17.8  g:  fourth  fraction,  134-143*  at  6  mm,  6.6  g: 
residue,  31.1  g  (decomposition  of  the  product 
commenced).  Two  fractionations  of  the  first 
fraction  yielded  dibutylacetal  with  b.p.  183.5-184.5*; 
n  p  1.4085;  dj*  0.8280.  The  second  fraction  was 
butynediol  which  crystallized  in  the  receiver,  m.p. 
57-68*.  From  the  third  and  fourth  fractions  were 
isolated  21,8  g  mono-a -butoxyethyl  ether  of  butynediol 
with  b.p.  126-12r  at  7  mm;  n{}  1.4565;  d}*  0.9750. 
Yield  38.0<^of  theory,  based  on  the  reacted  butynediol. 

Hydrolysis  of  the  a  -alkoxyethyl  ethers  of 
butynediol.  Into  an  Erlenmeyer  flask  (ground-glass 
stopper)  containing  25  ml  2^  sulfuric  acid  and  25  ml 
water  were  introduced  a  weighed  amount  (about  0.2  g) 
of  the  ether  and  25  ml  0.2  N  bisulfite  solution.  The 
contents  of  the  flask  were  vigorously  shaken  for  15 
minutes  and  then  allowed  to  stand  for  15  minutes.  The 
excess  of  bisulfite  was  then  titrated  with  0.1  N  iodine. 
The  calculation  was  effected  according  to  the  formula: 

^  acetal  =  ^ ^ ~ 
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where  £  it  the  amount  of  0.1  N  iodine  per  ml  consumed  iri  titration  of  25  ml  bitulf 
iodine  per  ml  consumed  in  titration  of  the  excess  of  bisulfite  in  the  sample;  K  »  40 
the  monoedier. 

The  expertmenul  results' are  set  out  In  die  ublc. 

Hydrogenation  of  the  di~fl-butoxvethvl  ether  of  butyned iol.  T “  ^  _  I  _  , 

(b.p.  152-153*  at  3  mm)  was  placed  in  a  "duck**  together  with  62  g  methyl  alcohol, 
taken  up  after  shaking  for  2  hours  in  presence  of  r 
is  3  14^).  After  hydrogen  had  ceased  to  be  taken 


20  g  a*butoxyethyl  ether  of  butynediol 

_  1.  The  amount  of  hydrogen 

a  ca&bst  (platinum  oxide)  was  3.532  (the  theoretical  requirement 
.1  up  (one  bubble  In  10  minutes),  the  hydrogenation  product  was 
filtered  from  catalyst,  the  methyl  alcohol  was  distilled  off,  and  the  residue  fractionated  In  vacuum.  First 
fraction  33-3r  at  14  mm,  11.8  g;  second  fraction,  C,H20*  at  14  mm,  0.2  g;  third  fraction  120-127*  at  14  mm, 

3.3  g:  residue  0.3  g. 

Repeated  fractionations  of  the  first  fraction  yielded  butyl  alcohol  with  b.p.  115-116*  (756  mm); 
ng  1.3990;  d?  0.8037.  ’  •  . 

Three  fiactionatlons  of  the  third  fraction  gave  butylene  glycol  with  b.p.  106-107*  (3  mm);  1.4055: 
dj*  1.0170;  MRq  23.60;  calculated  23.72  [13]. 

3.325  mg  substance:  6.455  mg  CO^;  3.390  mg  H,0.  4.185  mg  subsunce;  8.084  mg  CO,;  4.31*  mg 

1%0.  Found  C  52,94.  52.71;  H  11.41,  11.54,  C4Hi,Oi.  Calculated  C  53.30:  H  11.18. 

SUMMARY 

1.  The  method  of  synthesis  of  butynediol  by  condenutlon  of  acetylene  with  formaldehyde  was  improved. 

The  Influence  of  temperature,  pressure  and  catalyst  on  the  course  of  the  reactlonves demonstrated  and 
butynediol  Msobtamed  m  a  yield  of  over  70^ 

2.  The  possibility  was  established  and  the  conditions  found  for  the  synthesis  of  the  mono-  and  di-a- 
alkoxyethyl  ethers  of  butynediol. 

3.  Four  a-alkoxyethyl  ethers  of  butynediol,  not  previously  desctU>ed  in  the  literature,  were  Isolated 
and  characterized:  The  mono-  and  di-a-butoxyethyl  ethers  and  the  mono-  and  di-e-ethoxyethyl  ethers.  Their 
structure  was  established  by  hydrolysis. 

4.  Itva  shown  that  the  synthesis  of  the  di-a-alkoxyethyl  ethers  of  butynediol  proceeds  via  the  formation 
of  the  mono-€t-alkoxyethyl  ethers  whose  yield  depends  on  the  initial  amount  of  vinyl  ether  and  on  the  duration 
of  the  process. 
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REACTIONS  OF  ALIPHATIC  DIAZO  COMPOUNDS  WITH  UNSATURATEO  COMPOUNDS 


XIIL  REACTION  OF  ETHYL  DIAZOACETATE  WITH  ALLYL  IODIDE  AND  WITH  NORMAL  A>0  TERTIART  BUTYL 

BROMIDES  IN  PRESENCE  OF  COPPER  CATALYSTS'  - 


I.  A.  Dyakoncy  and  N.  B.  Vinogradova 


FoUovdng  up  our  investigations  in  thU  field  [1.2]  we  have  studied  the  action  of  ethyl  dlazoacetace  oa 
allyl  iodide  in  presence  of  copper  bronze,  using  the  previously  applied  i^ocedure.  The  Mdency  toward 
formation  of  ethyl  fumarate  during  decomposition  of  ethyl  diazoacetate  in  presence  of  copper  was  inhibited 
by  Introducing  allyl  iodide  in  considerable  excess  over  the  Quantity  required  by  the  equatiofl  {1}: 

Ci^**CHCl^WN8CHCOOC,H,  CH=CH-Cl%CHl-COOC,l%-H%  (1) 


It  was  found  that  equation  (1)  represents  the  main  direction  of  the  reaction. 

The  crude  ester  (1)  was  isolated  in  a  yield  of  70^  of  theory  and  tiie  analytically  pa«  substance  in 
yield.  Serious  losses  arose  in  purifying  the  crude  preparation,  due  to  the  low  thernul  stability  of  ester  (1)  and 
to  contan^ination  with  traces  of  ethyl  lodoaceute  ICi^COCX^jHs  (II).  Tlie  laner  could  not  be  isolated  but  in 
presence  was  manifested  by  the  strong  lachrymatory  effect.  Further  evidence  of  its  presence  was  obtained  by 
the  results  of  dehalogenation  of  the  lower  boiling  fraction  of  the  crude  lodine-conulning  pseparation  (dehaln- 
genation  yielded  a  mixture  of  acetic  and  allylacetic  acids,  corresponding  in  composition  tc  the  initial  mixtme 
of  ethyl  bromoacetate  and  ethyl  bromoally lacerate). 

Dter  (1)  differed  from  the  esters  of  a-bromo>  [1]  and  a-chloroallylacetic  acids  [2}  previously  prepa^ 
by  us,  also  ic  its  behavior  toward  aqueous  alkali  solutions.  Whereas  the  chloro-  and  bron^-esteis,  as  prevloudy 
shown  [1.2]  yield  predominantly  a*hydroxyallylaretic  acid  when  heated  with  10^  poussiozi  carbonate  andosly 
an  insignificant  amount  of  vinylacrylic  acid,  ethyliodoacetate  (I)  in  the  same  conditions  gives  mainly  vinyl-  ^ 
acrylic  acid  (HO  or  its  polymer  (equation  2).  .  .  •  :  - 

Ally Ihydroxyace tic  acid  (IV).  obtained  in  negligible  yield,  was  characterized  m  the  form  of  its 

anilide; 


(CsHeO|)x 

polymer 


CH^=CH-CH,-CHOH-COOH  ^  C„HuNOi 

(IV)  anilide 

Reduction  with  hydrogen  of  ester  (I)  in  an  acetic  acid  medium  gave  the  ester  of  allylacetic  acid  CV) 
which  has  been  described  in  the  literature  [7]  and  which  we  obtained  by  the  analogous  reduction  of  the  ester 
of  a-bromoallylacetic  acid  [1].  The  structure  of  ester  (V)  war  confirmed  by  permanganate  oxidauon  wmch 
yielded  succinic  and  acetic  acids: 

H,  KMna 

CH,=CHCH,CH,COOC,H,;— — r- 


HOOCCH,CH|COOH  ♦  CHjCOOH  ♦  CXI^.  -  (3) 


The  transformations  of  ester  (I)  represented  by  equations  (2)  and  (3)  not  only  characterize  its  properties 
ut  also  confirm  its  structure.  -  . 

Normal  and  tertiary  butyl  bromides  do  not  react  with  ethyl  dlazoacetate  in  presence  of  copper  catalysts 
riih  formation  of  the  esters  of  the  corresponding  a-bromo  acids,  as  would  have  been  expected  by  analogy  with 


/ 


the  CAMS  previously  InvettigAtcd  by  ut.  With  n-butyl  bromide  die  sole  retetion  product  was  ediyl  fumAtAte} 
in  the  CAM  of  teit.  butyl  bromide,  ethyl  bromoAcetAte  (VIII)  was  obtAlned  in  Addition  to  ethyl  fumAtAte. 

We  explAin  the  formetlos  of  diii  substAiice  by  cleAvAge  of  hydrogen  hAlide  from  the  ester  of  «-bromo-. 
isovAleric  Acid  (VO  formed  in  the  first  plAce  And  which  At  once  rcArrAnges  into  the  ester  of  trimethylAcrylie 
Acid  (VH): 


(CH,)|CBr  ((CH,)iCCHBrCOOC,l%)  ♦  1^; 

'  ^  (VO 


(4) 


(8) 


.  ^  r(CH,)tC*CC00C,H,l4  CH^BrCOOCiH,  ♦  Vg. 

i-  <1h,  J 

(Vio  (vno 

Only  ethyl  bromoacetAte  (b.p.  159*)  was  isolated  from  the  reaction  products;  it  was  freed  from  die 
conjectured  trimediylacrylic  acid  (b.p.  155*)  by  treatment  with  cold  potassium  permanganate  solution.  After 
this  treatment  the  btomine  content  was  8»ill  lower  than  the  calculated  value;  conclusive  evidence  of  the 
structure  was  obtained  by  conversion  of  a  portion  of  the  material  into  acetic  acid  by  reductive  dehalogenation 
in  an  Alkaline  medium. 

Taking  into  account  the  previous  (1,3)  ideas  About  the  radical  o  eebanism  of  heterogeneous  catalytic 
reactioos  of  ethyl  diazoacetate,  we  may  suggest  that  the  rupture  of  the  O'Hal  bond  in  allyl  halides  during 

attadc  on  the  alkylene  radical  NcH-COO<^Hj  will  promote  the  effect  of  the  homolytic  conjugation  of 
Che  rr-v-boods  (4)  (A).  ^ 

(A) 

The  magnitude  of  this  effect  must  be  inversely  proportiorul  to  the  electronegativity  of  the  halogen 
atom  in  tne  allyl  halide.  i.e.,  1  ^  Br  ^  Cl.  The  experimental  data  are  in  satisfactory  agreement  with  this 
order,  judging  by  the  yields  of  the  corresponding  a*ha'oallylacetic  esters  in  the  investigated  reaction:  I^-and 
Bt’csters  about  the  Cl-«ster  10.9^  of  the  theoretical  yield.* 


nfcH, 


In  tert*butyl  bromide  the  homolytic  effect  of  conjugation  is  also  apparently 
sufficient  for  development  of  a  similar  reaction  but  on  a  very  much  smaller  scale 
than  with  allyl  halides  (B). 


radlcaL 


In  n-butyl  bromide  this  effect  is  not  manifested  during  attack  of  the  alkylene 


The  mechanism  of  formation  of  haloacetic  esters  demands  another  explanation. 

As  we  know,  ethyl  diazoacetate  (in  noncatalyzed  reactions)  may  detach  the  elements 
of  hydrogen  halides  from  some  esters  of  halo-substituted  liquid  acids  with  formation  of 
the  corresponding  haloacetic  esters  (5X  We  suggest  that  in  the  present  case  also  the 
haloacetic  esters  are  formed  by  reaction  of  ethyl  diazoacetate,  which  has  failed  to 
come  Into  contact  with  the  copper,  with  the  a  -haloallylacetlc  esters  formed  according 
to  the  proposed  catalytic  scheme.  Since  ethyl  diazoacetate  m  itself  u  not  a  reagent 
^  radical  type  but  rathe;  of  the  nucleophilic  type  (binding,  for  example,  a  proton  to  the  unstable  diazonium 
cation  h^CH|COOCjH|  [6]).  then  the  formation  of  haloacetic  esters  must  apparently  proceed  through  heterolytic 
rupture  of  the  C— Hal  and  C>"H  bonds  in  the  molecule  of  the  original  haloallylacetlc  ester. 

In  the  case  of  allyl  bromide  and  iodide  the  yields  of  haloacetic  esters  are  very  low  (about  IJt  of  theory), 
which  may  be  explicable  on  the  basis  of  more  successful  competition  in  these  cases  of  the  homolytic  reaction 
with  participation  of  the  free  alkylene  radical  >CHCOOC,H^  In  the  case  of  allyl  chloride  and  teri.butyl 
bromide  the  main  (radical)  reaction  proceeds  less  energetically,  and  consequently  higher  yields  of  haloacetic 
esters  are  obUined;  aciliCCXXIiHj-g.S*^*  and  BrCH,CO{>\H,-9.1'3k  of  the  theoretical  yield. 


•  Calculated  on  the  crude  preparation.  ■* 
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-  .  experimental  _  _ _ , 

dtazoacetite  with  allvl  iodide.  560  g  dry.  freshly  dUtUled  «llyl  Iodide  end  0.8  g 
copper  bronze  ("Natur  Cupfet  C")  are  Introduced  Into  a  three-necked  round-bottomed  Hatk  fitted  with  mechanical 
stirrer,  dropping  funnel  aiKl  reflux  condenser.  The  allyl  iodide  is  heated  to  the  boll,  the.  stirrer  Is  started  up,  #nd 
a  solution  of  175  g  ethyl  diazoacetate  ui  175  g  a^yl  iodide  Is  rurj  m  from  the  dropping  funnel;  The. nitrogen 
evolved  during  the  reaction  is  collect.3d  in  a  gasholder  after  pasting  in  succession  through  a  reflux  condenser 
and  a  trap  immersed  in  freezing  mixture,  At  the  end  of  the  reaction  29.5  1  nitrogen  (18*,  767  mm)  had  been  • 
evolved,  which  was  equivalent  to  79.3^  of  the  theoretical  ariMunt.  The  reaction  product,  after  cooling,  is  ■’ 
filtered  from  catalyst,  and  the  excess  allyl  iodide  is  distilled  off  at  100  mm.  The  residue  in  the  distillation' 
flask  (a  ^rk-colored  liquid)  Is  distilled  in  a  4  rom  vacuum.  Partial  decomposition  of  the  material  occurredi  ’ 
during  the  distillation  with  cleavage  of  molecular  iodine  which  imparted  a  reddish  color  to  the  distillate.  The 
yield  of  crude  ethyllodoallyl  aceute  (I)  with  b.p.  65-82*  at  4  mm  was  274.3  g  (70»3t  of  the  theoretical). 

The  undistillable  residue  weighed  60  g  (resinified 
product^.  The  crude  reaction  product  was  repeatedly ' 
fractionated  in  vacuum  for  isolation  of  the  pure  ester  (I). 

The  molecular  iodine  released  during  the  distillatioiu  was  ^ 
removed  Tiom  the  disullate  by  shaking  with  mercury, , 

Fracnoo  4  is  the  analytically  pure  preparation  of 
ester  (I)  (yield  47% of  theory).  Fractions  1-3  were  assumed 
to  be  a  mu:tuie  of  the  esters  of  iodoacetic  and  iodoallyi* 
acciic  acids.  The  first  of  these  was  subjected  to  reductive 
dehalogenatim  for  die  purpose  of  obtaining  acetic  acid 
and  so  demonstrating  the  presence  of  iodoacetic  acid  in  this 
fraction. 

5.7  g  of  the  material  of  Fraction  1,  10  ml  water  and  45  g  30%  sodium  amalgam  were  shaken  for  3  hours . 
under  exterrul  cooling.  After  the  mercury  had  been  separated,  the  solution  was  boded  for  4  hours  with  200  ml  i.' 
5%  potassium  hydroxide  solution.  The  cooled  alkaline  solution  was  acidified  with  tartaric  acid  (30  g)  and  the 
volatile  acids  distilled  off  with  steam.  .  ~. 

Fractional  precipitation  with  AgNO|  solution  of  the  neutralized  alkaline  distillate  gave  three  hactlons 
of  silver  salts  which  were  analyzed  for  theu  silver  content. 

Found  %:  Ag  I  54.82  ,  55.13;  II  58.12.  58.42;  HI  60.29.  CjHTOiAg.  Calculated  %:  Ag  52.13.  CsHjO^Ag. 

Calculated  %:  Ag  64.66. 


Vacuum  fractionation  of  crude  ester  (I) 


No.  of 
fraction 

Boiling  range  ] 

1 

"8 

Weight 

(8) 

1 

77-90*  at  12  mm 

1.4945 

6.3 

2 

49-56*  at  1  • 

1.4950 

10.4 

3 

56-65*  at  1  ■ 

1.5005 

9.5 

4 

65-66*  at  1  ■ 

1.50C2 

183.7 

IL  Ethyl  a -iodoallyl acetate.  A  colorless  oil  with  a  pleasant  ethereal  odor;  b.p.  62-66*  at  1  mm. 

dj*  1.558;  ng  1.5062:  MRq  48,45;  calculated  43  51.  0.2248  g.  0.3641  g  substance:  0.2088  g. 

0.3385  g  AgL  0.3799  g.  0.1618  g  substance;  21.21.  20.58  g  CfcH*:  At  0.39*.  0.16*.  Found  %:  1  50.23,  50.25; 

M  235.6,  251.7.  C^HaO^L  Calculated  %:  1 49.97;  M  254.0. 

Dehalogenatlon.  To  a  mixture  of  60  g  ester  (1),  60  ml  alcohol  and  90  g  65%  acetic  acid,  heated  on  a 
water  bath  to  65*,  was  added  20  g  zinc  dust  in  small  portions.  The  mixture  was  then  refluxed  for  one  hour,  the 
unreacted  zinc  dust  was  filtered  off  after  cooling  the  solution  neutralized  with  soda,  and  the  ester  was 
extracted  with  ether. 

The  ediereal  solution  was  dried  with  sodium  sulfate,-  the  cdier  driven  off  and  the  residual  ethyl  allyl 
acetate  distilled  in  vacuum.  The  yield  of  ester  with  b.p.  43-44*  at  12  mm  (7)  was  19.7  g  (65.2%  of  the 
theoretical  yield). 

*^1*  0.9018;  1.416;  MRp  35.67;  calculated  36.71. 

0.2180  g  suHiuncc:  0.5225  g  CO^;  0.1859  g  H|0.  Found  %;  C  65.36:  H  9.53.  CtHuP|.  Calculated  %: 

C  65.58;  H  9.45. 

Oxidation  of  the  ester  with  potassium  permanganate.  10  g  of  the  ester  was  treated  in  the  cold  with  3% 
KMn04  wlution.  20.9  g  of  permanganate  was  consumed.  After  the  usual  treatment  the  nonvolatile  and  the  .  -  - 
itcam-volatUe  acids  were  separated  by  the  usual  method.  The  steam-volatile  acids  were  examUicd  In  the  form 
of  their  silver  salta. 

0.0934  g  s'ubsunce:  0.0605  g  Ag.  Found  %  Ag  64.79.  C^HPiAg.  CaHulated  %:  Ag  64.66. 


Succinic  acid  war  found  in  the  solution  of  the  acids  non-volatile  in  steam.  Yield  46^  of  the  theoretical. 

M.p  182*.  K  did  not  depreu  the  melting  point  of  an  authentic  sample  of  succinic  acid. 

0.1665  g  substance:  27.03  ml  0.1  N  NaOH.  Found:  equiv.  59.61.  C4HA-  Calculated:  equiv.  59.0. 

Hydrolysis  of  ester  (1).  50  g  of  ester  (I)  was  hydrolyzed  by  heating  with  10^  potassium  carbonate  solution 
under  good  stisring  The  resultant  solution  was  concentrated  to  a  volume  of  150  ml,  acidified  with  sulfuric  acid 
until  acid  to  Congo,  and  extracted  with  ether  in  a  Soxhlet.  The  ethereal  extract  yielded  16.5  g  viscous,  yellow 
oil  which  partially  crystallized  when  cooled  with  a  freezing  mixture.  On  attempted  filtration  the  crystals  deliquesce^ 
on  the  filter.  It  was  only  possible  to  isolate  an  insignificant  amount  of  colorless,  prismatic  crystals  which  after 
starsding  for  12  hours  in  a  vacuum  desiccator  were  converted  into  a  resinous  mass  of  polymer.  We  assumed  that 
the  latter  was  a  polymer  of  vinylacrylic  acid  and  that  the  crystals  were  the  monomer.  The  polymer  dissolved 
when  heated  in  alkalies  and  again  came  down  when  acidified? 

0.1850  g  substance:  36.4  ml  0.1  N  NaOa  Consumed  18.7  ml  0.1  N  HCl.  Found:  equiv.  104.6 

(C4H(COOH)x.  C.-dculated:  equiv.  98.1. 

The  residual  oil  polymerized  almost  completely  after  standing  for  five  days,  giving  10  g  polymer.  The 
unpoly  me  sizable  portion  of  the  oily  acid  was  extracted  with  ether.  The  very  small  quantity  of  liquid  acid 
obtained  after  evaporation  of  the  ether  war  characterized  by  conv»;rsion  into  the  anilide  by  the  method  developed 
for  the  preparation  of  anilides  of  monocarboxyl ic  acids  and  their  sodium  salts  [9].  The  unrecrystallized  anilide 
melted  at  74-75*.  Its  mixture  with  the  anilide  of  authentic  e-hydroxyallylacetic  acid  (m.p.  77-78*  [2])  melted 
at  75-76*.  The  investigated  acid  was  therefore  assumed  to  be  hydroxyallylacetic  acid. 

IIL  Action  of  ethyl  diazoacetate  on  tert.  butyl  bromide  in  presence  of  copper  sulfate.  Using  the  procedure 
and  apparatus  described  in  part  I  above,  360  g  freshly  distilled  tert.  butyl  bromide,  0.5  g  anhydrous  copper 
sulfate  and  135.7  g  ethyl  diazoacetate  were  brought  into  reaction. 

After  distilling  off  the  excess  butyl  bromide,  the  reaction  product  was  distilled  in  a  5  mm  vacuum.  A 
considerable  amount  of  resinous  material  remained  in  the  distilling  flask  and  two  liquid  fractions  were  obtained: 

I  widi  b.p.  35-65*  at  5  mm  (20.9  g)  and  II  with  b.p  S5-80*  at  5  mm  (38.7  g). 


Examination  of  fraction  i.  It  was  intensely  lachrymatory  and  contained  halogen.  Fractionation  in  a  col- 
**mn  at  normal  pressure  yielded  15.1  g  substance  with  b.  p.  156-160*. 

ng  1.4455;  dj*  1.414. 

0.1467  g  substance,  0.1241  g  AgBr.  Found  ‘Jb:  Br  35.99.  C4H70iBr.  Calculated  <5!»:Br  47.84. 

The  constants  of  ethyl  bromg^cetate  reported  in  the  literature  [10]  are:  b.  p.  159*;  d“  1.51414:  n^ 
1.45420. 

Unsaturated  impurities  in  the  investigated  fraction  were  removed  by  shaking  in  the  cold  with  3^  perman¬ 
ganate  solution  fthe  permanganate  consumption  was  1  g  for  14.5  g  substance).  After  vacuum  distillation  the  sub¬ 
stance  had  b  p.  156-160*:  ng  1.4485. 

0.3030  g.  0.2985  g  substance:  0.0989  g.  0.0985  g  AgBr.  0.1666  g,  0.3376  g  substance;  15.05,  1505  g  CeH*: 
At  1.37*,  0.74*.  Found  Br  41.93.  42.38:  M  153.5,  155.5.  C4HA8r.  Calculated  Br  47.84,  M  167.0. 

The  material  of  fraction  1  was  dehalogenated  in  the  above  manner.  Only  acetic  acid  was  detected  in  the 
dehalogenation  poduct  after  hydrolysis.  It  was  identified  through  the  silver  salt: 


0.1102,  0.1371  g  salt:  0.0713,  0.0879  g  Ag.  Found  ‘Jfc;  Ag  64.71,  64.12.  C,H,0,Ag.  Calculated  Ag  64.66. 

Examination  of  fraction  II.  Fractionation  gave  20.2  g  liquid  with  the  characteristic  odor  of  ethyl  fumarate 
boiling  at  65*  at  1.5  mm:  d\*  1.0593;  ng  1.4410.  The  literature  fll)  gives  b.  P.  96*  at  10  mm;  ng  1.4410; 
d||  1.0535.  The  identity  was  confirmed  by  saponification  with  potassium  hydroxide  in  methyl  alcohol  to  form  a 
precipitate  of  potassium  fumarate:  from  the  latter,  diphenacyl  fumarate  was  prepared  with  m.  p.  197*  (the  litera- 
ture  fl2)  reports  197*).  It  did  not  depress  the  melting  point  of  a  sample  of  authentic  diphenacyl  ester. 


Action  of  ethyl  diazoacetate  on  n-butyl  bromide  in  presence  of  copper  bronze.  Condensation  of  68 


•  Acco^ing  to  the  literature  [8]  the  monomer  of  vinylacrylic  acid  forms  colorless,  very  hygroscopic  prisms  with  • 
m.p.  80  ,  Readily  soluble  in  alcohol  and  water.  On  standing  it  polymerizes  to  a  solid  polymer. 


ml  n*butyl  bromide  with  11.4  g  ethyl  diazoacetate  wai  performed  by  the  usual  procedure  (see  section  1  above)  in 
presence  of  0.5  g  copper  bronze.  The  catalyst  was  then  filtered  off  and  the  unreacted  butyl  bromide  (63  ml)  waf 
distilled  off  at  142  mm.  The  weight  of  the  residue  in  the  distilling  flask  was  10.2  g.  Fractionation  of  this  residue 
at  9  mm  gave  3.2  g  li<;uid  with  the  odor  of  ethyl  famarate  and  b.  p.  91-92*;  n”  1.437  (yield  37.2^),  The 
weight  of  unreacted  residue  wa»  6,9  g. 

Literature  constants  for  ethyl  fumarate  fllj:  b.  p.  (10  mm)  96*;  n** •••  1.437625. 

SUMMARY 

1.  It  is. shown  that  reaction  of  ethyl  diazoacetate  with  allyl  iodide  in  presence  of  copper  powder  gives 
about  a  70Jfcyield  of  a-iodoallylacetic  ester  together  with  an  insignificant  amo'tnt  of  ethyl  lodoacetate. 

2.  Some  reactions  of  ethyl  a>iodoaIlyl  acetate  weie  studied  and  the  results  were  compared  with  those 
of  similar  experiments  with  chioro*  and  bromoallyl  acetic  esters. 

3.  Condensation  of  ethyl  diazoacetate  with  tert,-  and  n-butyl  bromides  led  to  isolation  in  the  first 
case  of  the  esters  of  fumaric  and  bromoacetc  acids  and  in  the  second  case  of  only  the  ester  of  fumaric  acid. 

It  is  suggested  that  the  ester  of  a -oromoisovalertc  acid  is  formed  as  an  intermediate  product  in  the  reaction 
with  tert. -butyl  bromide. 

4.  A  reaction  mechanism  is  proposed  fot  the  formation  of  haioallylacetic  and  haloacetic  esten  in  the 
reaction  of  ethyl  diazoacetate  wiA  alkyl  halides  in  presence  of  copper  catalysts. 
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•  See  Consultants  Bureau  translation,  p.  933. 
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THE  STRUCTURE  OF  OLEIC  ACID 


A.  K.  PIliov  and  E.  G.  Maleeva 


The  structure  of  the  geometrically  isomeric  monobasic  acids  has  not  yet  been  definitely  established,  and 
even  such  familiar  acids  as  oleic  and  elaidic  are>sometime$  regarded  as  cis'ssomers  and  sometimes  as  trans* 
iscmen  [IJ 

The  problem  of  the  determination  of  the  els-  and  &ans*lsomers  of  aliphatic  and  cyclic  compounds  is  an 
extremely  difficult  one.  When  the  molecule  of  the  substance  contains  two  radicals  capable  of  acting  on  each 
other,  the  formation  of  an  intramolecular  derivative  (anhydride,  lactam,  etc,)  is  characteristic  of  cis*isomerisin. 

Apart  from  such  clearly  definable  cases  up  to  recent  times  no  other  criteria  were  available  except  the  definition 
of  a  trans-isomer  as  a  substance  which  is  more  stable,  has  a  higher  melting  point  and  is  chemically  less  active. 

These  criteria  spring  from  analogy  with  certain  cases  which  are  known  to  be  unrelated  to  the  present  cases.  Never¬ 
theless  it  is  already  clear  than  even  these  methods  are  not  universally  applicable.  Thus,  some  trans-forms  are  knovm  . 
whose  melting  points  are  lower  than  those  of  the  isomeric  cis-fotras.  We  could  cite  a  long  list  of  fundamental 
attempts  to  find  a  valid  method  for  determining  the  actual  structue  of  cis-  and  trans-isomertc  compounds.  This 
clearly  demonstrates  how  difficult  u  the  problem  and  how  few  solutions  have  been  obtained. 

One  of  the  present  authors  once  suggested  that  on  the  basu  of  the  theory  of  steric  hindrance  we  should 
expect  different  reactivities  on  the  part  of  geometrical  isomers  and  their  derivatives.  In  that  event  a  chemical 
solution  should  be  possible  of  the  problem  of  the  true  configuration  of  unsatuiaied  compounds  with  cis-trans 
isomerism  (a  hitherto  unsolved  problem)  if  we  consider  those  derivatives  of  acid  which  do  not  contain  groups 
readily  capable  of  reacting  ihtramolecularly  with  one  another. 

Considering  the  case  of  oleic  acid  and  its  derivatives  such  as  esters,  we  may  assume  on  the  basis  of  the 
theory  of  steric  hindrance  that  aP  reactions  associated  with  the  double  bond  of  the  cis-fotm,  such  as  addition  of 
hydrogen,  halogens,  hydrogen,halides  and  oxygen  must  proceed  more  readily  than  in  the  case  of  the  trans-form,  in 
which  the  action  on  the  double  bond  of  molecules  of  react*nts  wiP  be  hindered  by  the  CH3(CH|)7  and  (CH|)|CCX>H 
ta<ficals  which  block  the  space  near  the  double  bond  from  two  sides.  This  crowding  does  not  occur  to  the  same 
extent  in  the  cis-form  where  both  radicals  are  attached  at  one  side  of  the  double  bond.  Concerning  reactions  in¬ 
volving  the  carboxyl  group  of  oleic  acid  or  its  esters,  the  reaction  of  a  molecule  of  an  alcohol  with  the  carboxyl 
group  or  that  of  alkali  with  the  ester  group  will  proceed  more  readily  in  the  trans-form. and  will  be  hindered  in  the 
cis-form,  because  the  space  in  the  vicinity  oi  the  carboxyl  or  ester  group  m  the  cis-form  is  occupied  by  the  radical 
CH)(Cl^)i,  and  molecules  of  alcohol  or  alkali  must  first  overcome  the  hindrance  created  by  the  hydrocarbon 
radical.  This  difficulty  will  not  arise  with  the  trans-form  Consequently  the  esterification  of  oleic  acid  and  the 
saponification  of  its  esters  *iiould  proceed  with  greater  difficulty  in  the  case  of  the  cis-form  than  in  the  case  of  the 
trans-form.  Esterificatior  oi  saponification  of  the  esters  may  possibb  proceed  in  the  cu-form  the  more  slowly  the 
more  branched  is  the  alconol  radical.  We  must  assume  that  the  entry  of  a  radical  into  the  molecule  introduces 
something  more  than  just  congestion  of  the  sjiace.  it  introduces  what  we  may  call  the  chemical  effect  of  the  radi¬ 
cal.  The  chemical  effect  can  vary  substantially  with  the  reactions,  some  of  which  are  hindered  while  others  are 
facilluted.  Concernuig  the  steric  effect  it  comes  into  play  -  if  not  always  with  equal  uitensity  then  at  any  rate 
in  some  degree  —  for  all  reactions  which  take  place  directly  at  the  group  in  question:  The  resultant  of  both  effects 
IS  the  same  and  is  a.ccessible  to  experiment.  In  some  cases  this  resultant  may  have  a  reverse  effect  in  relation  to 
the  steric  effect.  When  a  compound  contains  radicals  with  a  weakly  manifested  chemical  individuality,  e.g., 
alkyls,  the  chemical  effect  will  be  weak  and  hardly  capable  of  opposing  steric  hindrance.  Applying  the  theory  of 
steric  hindrance  to  cis- and  trans-forms,  in  the  case  under  consideration  we  can  expect  definite  assistance  from 
it:  the  chemical  effect  of  the  radical  will  be  sufficiently  similar  in  both  Isomers,  but  the  steric  effect  will  be 
considerably  different. 

We  have  studied  the  reactions  of  oxidation  and  hydrogenation  p)  of  oleic  and  elaidic  acids  and  the  saponi¬ 
fication,  hydrogenation  and  oxidation  of  methyl  oleaie  and  methyl  elaidate.  The  velocities  of  these  reactions 
were  found  io  differ  in  methyl  oleate  and  methyl  elaidate.  Methyl  oleate  U  saponified  more  slowly  than  elaidate 
but  Is  oxidized  and  hydrogenated  more  rapidly  than  elaidate. 


The  results  make  It  appear  that  a  els-  and  trans-sthicture  must  bt,  respectively,  ascribed  to  oleic  acid  (and 
methyl  oleate)  and  elaldlc  acid  (and  methyl  elaldateX  • 


EXPERIMENTAL 

The  methyl  esters  of  oleic  and  elaidlc  acids  were  prepared  from  the  pure  silver  salts  of  the  acids  and 
methyl  Iodide  and  had  the  following  constants: 

Methyl  oleate.  b.  p.  213~213.6*  at  15mm:  d^*  0.8780: 

K,  189  (calculated  Ke  189.1)  KpO. 

Methyl  elaldaie:  b.  p  .  214*  15  mm;  dj*  0.8790;  K*  189;  KpO. 

1.  Determination  of  relative  velocities  of  saponification  of  methyl  oleate  and  methyl  elaldate.  Each 
ester  was  weighed  out  in  quantity  of  0.1480  g  (V2000M)  into  a  small  glass  cylinder  with  a  ground-glass  stopper 
Into  which  were  sealed  two  platmum  elecuodes.  Addition  was  made  of  5  ml  96*^  alcohol  and  5  ml  0.1  N  alco¬ 
holic  KOH  and  a  first  determination  of  electric  conductivity  was  made  with  the  help  of  a  resistance  bridge  and 
a  lamp-type  optical  indicator.  Each  experiment  was  assumed  to  start  from  the  instant  of  addition  of  the  alcoholic 
potash  to  the  ester;  then  at  definite  Intervals  of  time  the  electric  conductivity  of  the  alcohol  solution  was 
measured  at  a  temperature  of  25*,  the  conductivity  being  a  direct  measure  of  we  hydroxyl  ion  concentration. 

The  significant  feature  in  this  connection  is  the  fall  In  conductivity,  te.,  the  fall  In  coriductivity  during  a  specified 
Interval  of  time.  In  the  present  case  the  fall  of  electric  conductivity  depends  on  the  reaction  between  alkali  and 
ester  (during  which  the  hydroxyl  ions  which  are  responsible  for  the  good  conductivity  of  the  solution  gradually  dis¬ 
appear  and  are  replaced  by  the  salu  of  oleic  or  elaidic  acid  which  arc  characterized  by  poor  conductlvitj).  ITie 
ester  and  glycerol  do  not  exert  an  Important  influence  on  the  electric  conductivity  so  that  the  fall  In  electric  con¬ 
ductivity  is  a  measure  of  the  progress  of  the  saponification  reaction. 

In  Table  1  are  set  out  the  results  of  measurement  of  the  electric  conductivity  of  the  reaction  medium 
during  saponification  of  the  methyl  esters  of  oleic  and  elaidic  acids. 


TABLE  1 


No. 

Duration  of 

Electric 

experiment 

conduct- 

(minute*) 

iVitylO*  j 

Fall  of  Maximum  change  in 
electric  'electric  conductivity 
conduct-  I  as  of  the  initial 
ivity  -conductivity 


Saponification  of  methyl  oleate 


Saponification  of  methyl  elaidate 


Similar  results  were  obtained  in 
saponification  experiments  carried  out  at 
a  temperature  of  28*. 

2.  Hydrogenation  of  methyl  esters 
of  oleic  and  elaidic  acids.  Hydrogena¬ 
tion  was  effected  in  presence  of  platinum 
deposited  on  BaS04;  materials  used  In 
each  experiment  were  0,25  g  BaS04  and 
0.008  g  metallic  platinum,  IS  methyl 
alcohol  and  0.8  g  methyl  oleate  or 
elaidate.  Experiments  were  run  simul¬ 
taneously  with  the  two  esters  at  25*  in  a 
hydrogenation  "goose.**  Blank  experi¬ 
ments  with  pure  oleic  and  elaidic  acids 
were  run  in  order  to  establish  the  degree 
of  activity  of  the  catalyst  and  for  the 
purpose  of  comparison.  Hydrogenation 
results  are  in  Table  2. 

Oxidation  of  oleic  and  elaidic  acids 
and  of  their  methyl  esters.  Oxidation  was 
studied  by  the  reaction  with  potassium 
permanganate  when,  as  we  know,  both 
acids  react  to  form  the  dihydroxystearic 
acids.  We  tound  that  oleic  and  elaidic 
acids  react  with  potassium  permanganate 
at  different  speeds.  The  course  of  the 


oxidation  could  be  followed  by  the  change  in  electric  conductivity  of  the  KMn04  solution,  the  conductivity  rising 
appreciably  with  progressive  consumption  of  the  oxidizing  agent,  since  the  place  of  the  decomposed  KMn04  was 
taken  by  molecules  of  KOH  which  are  known  to  posseu  a  higher  conductivity. 

In  the  present  case,  therefore,  the  rising  elec* 
trie  conductivity  of  the  KMn04  solution  in  contact 
with  the  oleic  or  elaidic  acid  or  their  esters  served 
as  a  criterion  of  the  decomposition  velocity  of 
KKln04  and  in  turn  of  the  velocity  of  the  oxidation 
reaction.  Concerning  the  formation  during  this 
reaction  of  the  salt  of  the  organic  acid  at  the  ex* 
pense  of  the  alkali  formed  during  deoxidation  of 
the  KMn04,  this  process  here  proceeds  so  slowly 
that  it  has  no  substantial  effect  on  the  measurement 
of  the  electric  conductivity  of  the  elution. 

The  oxidation  experiments  were  performed 
simultaneously  with  identical  weights  of  die 
acids  and  esters  (1  /SOOO  mole)  introduced  as  in 
the  saponification  experiments  in  identical  vessels 
fitted  with  platinum  electrodes.  To  each  of  the 
samples  was  added  5  ml  aqueous  KX1n04  solu* 
tion  and  the  first  determination  of  electric  conductivity  was  quickly  made.  Before  the  mixing,  each  reagent  had 
been  kept  In  a  thermostat  for  15  minutes.  Oxidations  of  the  acids  were  performed  at  48*  and  those  of  the  esters  at 
25*.  Tables. 


Duration  cf 
hydrogenation 
in  minutes 
from  start 
of  expt. _ 


mi  Hg  absorbed  (a) 


methyl  [  methyl 
oleate  ! 


elaidate 


^oleate  _  103 
^elaidate  90 


^claidic  acid  90 


Maximum  char>ge  in  electric  conductivity 
in  ^  of  initial  conductivity 


Number 


ment 


Oxidation  of  oleic  acid 


Oxidation  of  elaidic  acid 


Oxidation  of  .methyl  oleate 


Oxidation  of  methyl  elaidate 


0 

434 

- 

30 

444 

10 

60 

454 

20 

120 

476 

42 

180 

488 

54 

514 

1  -  26.2 

598 

: 

*  1.  '» 
Ml); 

647 

:  133 

649 

j  135 

j 

t 

Duration 

Electric  conductivity 

Increase  m 

(minutes) 

•10* 

electric 

conductivity 

oleic 

elaidic 

acid 

acid 

48 

37  j 

81 

72  j 

104 

90  j 

1,  It  is  establish  that  oleic  and  elaidic  acids  and  their  methyl  esters  exhibit  *V(fereni  reactivities, 

2,  Methyl  el  a  Ida  re  is  uponlficd  more  fapidly  than  methyl  oleate. 

3,  Elaidic  acid  and  its  methyl  ester  arc  hydrof.crated  and  oxidized  with  greater  difficulty  than  oleic 
acid  and  its  methyl  ester. 

4,  The  reactivity  of  oleic  and  elaidic  acids  and  their  methyl  esteis  is  consistent  with  the  theory  of 
iteric  hindrance  and  confums  their  sttuctute  as,  respectively,  cis*  and  trans'isomers. 
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DIRECT  SYNTHESIS  OF  ALKYL-  AND  A RYLHA LOSILA NES 
A.  V.  Topchiev  and  N.  S.  Nametkin 

The  preparation  of  alkyl-  and  arylhalosllanes  by  the  action  of  haloalkyl(aryl)  derivatives  on  silicon  in 
presence  of  a  catalyst  was  first  described  in  1945  fl]  This  reaction  gives  a  mixture  of  halogen-containing 
organoslllcon  compounds  with  various  ratios  of  halogen  to  organic  radical,  namely.  RSlX|:  I^SiX|;  I^SIX:  Six;4; 

S1R4.  etc.  R  is  an  organic  radical  and  X  is  halogen. 

These  compounds  are  formed  acco-ding  to  the  following  schemes: 

1.  2RX  ♦  Si-^R,SiXt; 

2.  3RX  ♦  Sr-^R,SiX  ♦X,; 

3.  3RX  ♦  Si  -t»RSiX,  ♦  2R. 

4.  2X,  ♦  Si -♦S1X4; 

5.  4RX +2  Si-^SiR,  ♦SiXa-  ‘ 

'f  •  -  .  •  .f 

Depending  on  the  co^ltions  the  main  product  will  be  various  halo-iubstituted  alkyl-  and  arylsilanes,  ' 
especially  I^Sil^  , 

The  lowest  temperature  at  which  this  reaction  commences  is  the  optimum  for  the  addition  of  an  organic 
radical  to  silicon:  with  rising  temperature  the  reaction  velocity  increases  but  at  the  same  time  the  fitial  mixture 
of  products  becomes  richer  in  halogen,  until  S1CI4  is  reached  and  correspondingly  poorer  in  carbon  and  hydrogen. 
The  reaction  velocity  also  depends  on  the  nature  of  the  organic  radical,  of  the  halogen  and  of  the  catalyst. 

Of  great  importance  for  obtaining  good  yields  of  alkyl-  and  arylhalosllanes  is  the  quality  of  the  catalyst 
Copper  is  an  active  catalyst  in  the  reaction  of  silicon  with  alkyl  and  ary!  halides.  It  accelerates  the  reaction  and 
permits  operation  at  a  lower  temperature,  although  the  role  of  copper  in  the  mechanism  of  this  reaction  is  still  not 
altogether  clear. 

A  direct  synthesis  has  been  utilized  industrially  for  the  production  of  methylchlorosilanes  and  phenylchloro- 
sllanes  [2].  In  our  research  we  set  ourselves  the  task  of  studying  the  direct  synthesis  of  methyibromosilanes  and 
phenylbromosilanes  [3.4X 

The  work  was  carried  out  in  the  department  of  organic  and  petroleum  chemistry  of  the  Acad.  L  M  Gubkin 
M  N  I.  •  in  1946-1947  (synthesis  of  methyibromosilanes)  and  in  1949  (synthesis  of  phenylbromosilanes). 

During  the  completion  of  this  research  a  short  publication  appeared  J5)  which  gave  a  brief  description  of  the  prep¬ 
aration  of  methyibromosilanes  and  of  theu  analysis 

EXPERIMENTAL 

Methyl  bromide  was  reacted  with  silicon  also  b’omobenzene  with  silicon  in  an  apparatus  consisting  of  a . 
tube  furnace  (electrically  heated)  0.8  meter  long  ar.d  40  mm  in  internal  diameter  Two  molybdenum  glass  tubes 
1.2  meters  long  and  15  mm  in  diameter  were  i.nseiied  in  this  furnace  Each  tube  was  charged  with  an  intimate 
mixture  of  60  g  (80^)  silicon  and  15  g  (20^)  reduced  copper  The  silicon  was  previously  ground  to  a  fine  powder, 
in  a  porcelain  mottar.  The  copper  was  reduced  f'om  copper  oxide  powder  at  SOO"  The  air  was  displaced  from  the 
system  with  carbon  dioxide  pnor  to  starting  the  passage  of  methyl  bromide  (for  preparation  of  methyibromosilanes) 
arxi  of  bromobenzene  (lor  preparation  of  phenylbromosilanes). 

Preparation  of  methyibromosilanes.  Preliminary  experiments  showed  that  at  250-300  the  teaction  of 
methyl  bromide  with  silicon  in  piesence  of  copper  was  not  sufficiently  energetic,  systematic  experiments  were 
therefore  run  at  temperatures  of  320-360*.  Table  1  gives  the  yields  of  methyibromosilanes  at  various  temperaturei. 

We  see  from  the  table  that  the  best  yields  are  obtained  at  330-340*.  although  deviations  o«  10  to  either 
side  of  this  range  did  not  cause  large  changes  in  yields. 
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The  rate  of  patuge  of  methyl  bromide  u  an  important  factori  if  it  u  too  high  a  large  proportion  of  the 
methyl  bromide  fails  to  react  in  the  tubes  and  is  absorbed  in  the  receivers,  which  reduces  sharply  the  yields  of 
crude  reaction  product  and  leads  to  heavy  loues  during  fractionationmalnly  due  to  the  volatility  of  the  methyl 
bromide  (see  experiments  2  and  3,  Table  1). 


TABLE  1 

Formation  of  Methylbromosilanes  at  Various  Temperatures 


No. 

Methyl 

bromide 

consumed 

(S) 

Temperature  | 
of  experimenulj 
seriei  ('Q 

'  t 

Duration  of 
experiment 
(hours) 

]  Weight  of  reaction  product 

Losses  (^) 

1  before  frac- 
j  tionation  (in  g) 

i 

after  fractionation  of  the 
organosUicon  compounds 

_ 

1 

1250 

320-330 

48 

1 648.6 

507.3 

21.9 

2 

1250 

330-340 

57 

1654 

569 

11.5 

3 

1250 

330-340 

42 

i  823.6 

618 

25.4 

4 

1120  1  350-360 

48 

620 

486 

21.5 

m  otherwise  equal  conditions  the  velocity  of  the  reaction  apprecUbly  increases  on  the  second  day  of  an 
experiment.  i.e.,  about  10-12  hours  after  the  start  of  the  series  of  experiments,  this  is  probably  associated  with 
the  fact  that  »he  reaction  mass  (silicon  ♦  copper)  has  by  that  time  become  mote  porous,  iti  consequence  of  whlcn 
the  surface  of  the  reaction  zone  is  increased.  On  the  thud  day.  however,  the  total  yield  of  reaction  jvoduct 
falls  appreciably  and  continues  to  fall  up  the  end  of  the  given  scries  of  experiments  due  to  gradual  consump¬ 
tion  of  the  Silicon. 

The  data  of  Table  2  illustrate  the  progress  of  the  reaction  in  four  series  of  expeximents  at  temperatures  of 
310-320*.  320-330*.  330-340*  and  350-360*. 

TABLE  2 

Course  of  Formation  of  Methylbromosilanes  at  Various  Tempeiatures 


310-320* 

320-330*  i 

330-340* 

350-360*  1 

No.' 

Dura- 

.  censump- 

wt  of 

diira- 

corisuinp- 

wt  of 

du'a- 

cj'isdmp- 

1  wt  of 

du*a-  Iconsump*  wt  1 

tioa  of 

tion  of 

prod- 

lion  of 

non  of 

prod- 

tion  of 

rio.n  of 

jprod 

non  of 

non  of 

pto< 

experi- 

f  methyl 

uct 

expert- 

methyl 

uct 

expcri- 

methyl 

,uct 

experi- 

methyl 

uct 

meats 

1  bromide 

(8) 

ments 

bromide 

Ifi) 

ments 

r-omide  '(g) 

ments 

bromide 

(8) 

(hours) 

4  (B) 

(hotjis) 

(g) 

(hours) 

(B) 

1 

(hours) 

fg)  _ 

1 

12 

280 

152.4 

230 

119.5 

11 

250 

190 

12 

280 

149 

2 

12 

280 

166.5 

H 

280 

182  6 

9 

250 

247.3 

12.5 

280 

246 

3 

12 

280 

90 

12 

280 

100.3 

7 

250 

•168.7 

12 

280 

137 

4 

12 

;  280 

71.7 

12 

280 

114.4 

7.5 

250 

140.6 

12 

280 

88 

5 

12 

1  280 

1 

63 

12 

280 

74  3 

7  5 

250 

.  77 

— 

- 

i 

Toul.  60 

1  1400 

1 

543.6 

^60 

1400 

599.1 

1 

42 

1250 

^823. 6 

48.5 

|1120 

1  620 

Compoution  of  the  products  of  reaction  of  methyl  bromide  with  silicon.  In  order  to  establish  the  composi¬ 
tion  of  the  gaseous  products  which  volatilized  during  fractionation,  we  distilled  the  mixture  of  methylbromosilanes. 
without  changing  the  receivers,  to  140*,  i.e.,  to  the  temperature  usually  reached  m  our  fractional  distillations.  The 
receiver  was  a  Wurtz  flask  whose  exit  tube  was  connected  to  traps  which  collected  the  gaseous  products.  A  water, 
scrubber  was  the  fust  trap  and  was  separated  from  the  receiver  by  a  calcium  chloride  tube,  the  connecting  lube  of 
this  scrubber  was  above  the  surface  of  the  water  in  order  to  avoid  sucking  back.  This  scrubber  was  intended  for  ab¬ 
sorption  of  the  hydrogen  bromide  which  our  observations  showed  to  be  evolved  during  fractionation.  The  scrubber 
was  followed  by  two  absorbers  which  were  cooled  10—20*  with  ice-salt  mixture.  These  were  intended  for  condensa¬ 
tion  of  any  methyl  bromide  (b  p  •♦4*)  which  did  not  enter  into  reaction  and  which  dissolved  in  large  quantity  in 
the  mixture  of  merhylbromosilanet. 

After  several  such  fractionations  of  the  reaction  product  we  were  satisfied  that  the  mam  portion  of  the 
^  volatile  products  consisted  of  methyl  bromide.  Its  quantity  was  found  to  depend  on  the  reaction  temperatiue  and 
the  rate  of  flow  of  the  methyl  bromide  through  the  reaction  zo.ne:  the  lower  the  reaction  temperature  (for  a  given 
J  talc  of  Qow)  die  greater  the  amount  of  metliyi  bromide  in  the  reaction  product.  For  example,  in  one  experiment 


performed  «t  300-310*,  after  fractloiutloii  there  wu  obuined  ipethyl  bromide  In  aroounu  equivalent  to  of  the 
prod  act  uken  for  fractionation,  in  another  experiment  at  350-36  0*  aad  the  umb  flow  velocity  the  amout  of 
methyl  bromide  recovered  unchanged  was  only  about  of  the  Weight  of  reaction  product  fractionated. 

K  was  alio  estabUtbed  that  hydrogen  bromide  came  over  and  was  collected  in  the  water  scrubbee.  After 
fractionation  this  scrubber  increased  considerably  In  weight.  Titxadoa  showed  that  the  mean  amount  of  hydrogen 
bromide  was  about  .^e  percent  of  the  product  which  was  fractionated.  About  3^  of  the  volatiles  (calculated  on  die 
weight  of  fractioned  product)  was  lost.  These  may  have  been  the  simplest,  very  volatile  substituted  sUarses 
formed  as  by-products  of  the  reaction. 

V.lth  the  aim  of  isolating  the  Individual  methylbroroosilanes  in  the  purest  possible  form  we  subjected 
the  mixture  of  crude  products  to  repeated  fractionation.  All  attention  was  concentrated  on  the  isolation  of  fractions 
corresponding  to  triracthylbromosUanc,  dlmethylbromosllane  and  methyltillwomosllanc. 

'l^lnrethyl^omostlane  (CH.),Stlte  (h,  p,  80*,  bromine  contem  52.21*31).  Our  attempts  to  obuia  this 
most  volatile  methylbiomosilane  have  so  far  givea  negative  results.  The  fraction  with  a  five-degree  boiliag  range 
(77-82*^  in  which  we  expected  to  find  trlmethylbionoosilane  was  analyzed  for  bromine  (Volhard  method)  and  - 
found  to  contain  a  higher  proportion  of  bromine  (56^  or  more),  apparenzly  due  to  Impurities  with  a  bro* 
mine  content,  such  as  dimetbyldibromosUane,  etc.  In  view  of  the  fact  that  this  fraction  was  extremely  small  It 
was  Impossible  to  examine  tt  more  closely. 

We  determined  the  bromine  content  of  the  metfaylbromosilanes  by  Volbard*s  method,  modified  to  suit 
the  special  case,  l.e.,  after  hydrolysis  of  the  bromo  compound. 

PlmethyldlbromogUa^e  (CHj.hSi.Pr,  Is  the  main  product  of  reaction  of  methyl  bromide  with  alicoH. 

We  Isolated  it  in  the  pure  state. 

B,  p.  112-112.5®  (760  mm.)  Literature  dau:  b.  p.  112.3*.  0.6336  g  substance:  4.65  ml  0.1  N 
AgNOj.  O.T4:6‘a  g  substance:  5.3f  ml  O.lNAgNO^  0,7430  g  subsunce:  5.4f  ml  O.lNAgNOb.  Found  Br  73w29, 
73,29,  73.26.  CgHcSiBr,.  Cniculaied  Br  73.33 

Methyl  tfibroroosilAne  CH^Sl^i  was  Isolated  In  the  pure  state. 

B  p.  133  433.5*^  at  755  mm.:  literature  data:  b,  p.  133.5*  ar  764  mm.  0.9322  g  substance:  7.9  ml  O.IN 
AgNO^  0.5440  g  subsuoce:  4,6  ml  0.2M.AgNO,  Found  a  84.66.  84.48.  CH,SiBrs-  Calculated  <%:  Br  73.33. 

Higher  fractions  (botUr^  above  140°).  Whereas  all  the  above-described  metliylbromosUanci  were  color¬ 
less  after  distillation,  the  residL-e  following  their  separation  had  a  dark  color  (ranging  from  dark-brown  to  nearly 
black).  Tlw  Volhard  determination  of  bromine  (mean  of  several  analyses)  in  the  residue  gave  a  value  of  63.5i^ 

On  attempting  to  fractionate  this  residue  we  succeeded  in  Isolating  a  small  number  of  fractioif  with  the  boiling 
point  of  silicon  tetrabromlde  (151^),  after  which  the  temperature  rapidly  rose  to  above  200*  due  to  the  presence 
of  some  more  complev  products  of  condensation  or  polymerization. 

General  p-opertles  of  the  methylbmmosilanes.  All  the  methyllKomosilanes  are  heavy  liquids.  They 
fame  In  the  air  and  are  hygioscop’c.  They  etch  glass  and  carbonize  cork.  A  conspicuous  feature  is  the  re^ilax 
change  in  boiling  point  with  increasing  bromine  content  (Table  3), 


TABLE  3  This  regulaiity  contrasts  with  the 


varution  of  boiling  points  of  the  methyl- 

BoUlng  Points  of  MethylbtomonUna  chlorosllanes  shown  m  Table  4:  vstb 


(CHOjSi&r 

{CHii)sSibrj 

CHiSiBr,  ] 

.Si3r^  increasing  chlorine  content  the  boiling 

Boiling  point 

TABLE  4 

Boiling  polnu  o 

79.9* 

f  Methylchlo: 

112,3* 

t?silaaes 

point  at  first  rises  and  then  (starting 

133  5*  151*  ' 

*  1  from  methyltrichlcxosilane)  begins  to 

falL  so  that  the  boiling  point  of  tecia- 

chlorosilane  is  only  1.4*  higher  than 

Boiling  point 

(CHOiSiCl 

(CHihSiCl, 

CHiSiCli  1 

SICle 

57.6* 

70* 

1 

66* 

Preparation  of  the  phenylbrocno- 
tUanes  \  Preliminary  experiroems  oa 

•  N.M.  Zhmykhova  patUcipateil  in  the  synibesu  of  the  phenylbiomosUane*, 


the  preparation  of  the  i^renylbromosilanes  showed  fliat  die  reaction  of  bromobenzene  with  silicon  was  not  sufficient! 
energetic  at  temperatures  below  400*.  The  yield  of  organosUicon  compounds  was  about  20^  Systematic  experi¬ 
ments  %rith  the  aim  of  establishing  the  optimum  reaction  temperature  were  therefore  carried  out  at  temperatures  of 
400-60(r  (Table  5). 

TA  BLE  5  The  Uble  shows  that  the  best  yields  of 

Preparation  of  Phenylbromosllanes  at  Various  Temperatures  phenylbromosilanes  are  obtained  at  tem- 

■  ..  . . .  ■  . .  .I.....  peratures of 410-420*, 

No.  of  CiH^Br  Duration  Wt.  of  Amount  of  organoslli- 

prep-  passed  of  expt,  reaction  cort  compound:  The  speed  of  flow  of  the  bromo- 

aratlon  through  ^*"**’*  (hours)  producu“^|]  |  .  ^  benzene  during  the  reaction  Is  very  Ira- 

_ (In  g) _ (g)  (m  8)  (in  porunt.  If  the  speed  Is  too  low,  much  of 

the  bromobenzene  falls  to  react  and  the 

1  700  40(M10-  70  686  324.8  47.4  yields  of  phenylbromosUanes  are  low. 

2  700  410-420  56  662.1  374.6  56.5 

3  700  420-430  51  659,4  336.9  51  Table  6  illusaates  the  effect  of 

4  700  440-460  56  684.5  348.1  50.8  flow  velocity  of  the  bromoj)enzene  on  the 

5  700  480-500  91  532.6  258  48.4  yield  of  phenylbromosilanes, 

TABLE  6  In  the  preparation  of  phenyl- 

Effect  of  Flow  Rate  of  Bromobenzene  on  the  Inaction  Yield  at  420-430*  bromosilanes,  just  as  In  that  of  raevhyl- 

■  I  -  ■  . 1-  . . ;  ■  '■■■,  bromosllanes,  the  reaction  velocity  In- 

No.  of  C,H,Br  Duratloo  Wight  of  re-  Amount  of  org.no.lll=oo  lo-lg  houn  efte.- the 

ptep-  waed  of  expert-  .cllon  pro-  - oompoundj -  .urt  of  .  given  «tlet  of  experiment. 

^  (In  g)  (In  and  then  gradually  decreases  due  to  con- 

— . — -£ci - 1 — . . . .  -■  ■■■■■■  —  ■■■  -  ■■■■  sumption  of  the  silicon  (Table  7). 

1  276  20  260.0  131.3  50.5  •  ^  re.,.  r 

_  Composition  of  Products  of 

2  450  24  434.0  184.0  42.5  r - - 7”^ - 7 - ^ - 

Reaction  of  Bromobenzene 

TABLE  7  with  Silicon  In  Presence  of  a 

Course  of  Formation  of  Phenylbromosilanes  wiui  Passage  of  Time  at  Catalyst  (Copper) 


No.  of 
prep- 

CiHjBr 

passed 

Temp. 

Duration 
of  e.xpt. 

Wt.  of 
reaction 

Amount  of  organoslli- 
cort  compound: 

aration 

through 

(ing) 

(hours) 

products 

(8) 

(Ing) 

(in  <f,) 

1 

700 

400-410* 

70 

686 

324.8 

47.4 

2 

700 

410-420 

56 

662.1 

374.6 

56.5 

3 

700 

420-430 

51 

659.4 

336.9 

51 

4 

700 

440-460 

56 

684.5 

348.1 

50.8 

5 

700 

480-500 

91 

532.6 

258 

48.4 

TABLE  6 

Effect  of  Flow  Rate  of  Bromobenzene  on  the  Inaction  Yield  at  420-430* 


No.  of 

CjH^r 

Duration 

Weight  of  re¬ 

Amount  of  organoslllct 

prep¬ 

passed 

of  experi¬ 

action  pro¬ 

compounds 

aration 

through 

(g) 

ments 

(hours) 

ducts  (g) 

(Ing) 

(in'W 

1 

276 

20 

260.0 

131.3 

50.5 

2 

450 

24 

434.0 

i  184.0 

42.5 

TABLE  7 

Course  of  Formation  of  Phenylbromosilanes  wiui  Passage  of  Time  at 
Various  Temperatures 


No.  of 

prep- 

paration 


1 
2 

3 

4  6  «  44  6  75  40  establuhed  that 

5  .  6  75  38  6  75  37  vWe-tang.  ftac- 

6  e  75  30  6  75  30  technical  products  with 

7  6  75  25  j  6  75  28  essentially  the  following  composi 

Total..  "i5  ^ - hi - ^ - Jail -  Fltrt  fraction- unteacted 

r  *  bromobenzene  and  silicon  tetra- 

bromide;  second  fraction  “phenyltribromosilane,  not  previously  described  in  the  literature;  third  fraction  —Inter¬ 
mediate;  fourth  fraction -diphenyldibromosUane;  the  residue  at  above  200*  at  12  mm  contained  a  small  amount 
of  triphenylbromosilane. 

For  the  purpose  of  Isolation  of  the  individual  phenylbromosilanes  the  prepared  fractions  (Table  8)  were  cut 
at  12  mm  into  narrower  fractions  which  -were  then  tested  for  constancy  of  composition.  We  determined  the  bromine 

content  of  the  phenylbromosilanes  by  two  methods  which  checked  each  other;  Alkali  saponification  and  the  Volhard 
method. 


410-120* 

440-460* 

Duration 

Consump- 

1  Amount  of 

Duration 

Consump- 

Amount  of 

of  exper- 

tion  of 

organosili- 

of  exper- 

tion  of 

organosili- 

Iments 

broraoben- 

con  com  - 

Iments 

bromoben- 

con  com- 

(hours) 

zene  (g) 

pounds 
formed  (g) 

(hours) 

zene  (g) 

pounds 
formed  (g) 

6 

75 

31 

6 

75 

30.4 

6 

75 

53 

6 

75 

69 

6 

75 

45.7 

6 

75 

54 

6 

75 

44 

6 

75 

40 

6 

75 

38 

6 

75 

37 

6 

75 

30 

6 

75 

30 

6 

75 

25 

6 

75 

28 

42 

525 

266.7 

42 

525 

288.4 

The  composition 
of  the  products  was  investigated 
by  subjecting  the  mixture  to 
fractionation. 

Table  8  gives  de¬ 
tails  of  the  fractionation  of 
mixtures  of  phenylbromosilanes 
prepared  by  direct  synthesis  at 
various  temperatures. 


eratures. 


Table  9  gives  the  yields  of  silicon  tetrabromlde  and  of  phenylbromosilanes  at  various  experimental  temp- 


-  We  see  from  Table  9  that  with  rising  temperature  the  yields  of  phenylulbromosllane  and  silicon  tetra- 
bromide  increase  but  the  yield  of  diphenyldlbro.nosUane  decreases. 


[l  T'-  — ,., 


TABLE  • 

FractloMtlon  of  Xttxturei  of  P!i«nylbromo»U*nc»  Prepared  by  Direct 
Syntheili  at  V*rloui  Tempcraturei  (Yield  of  Fraction*  Expreved  a*  % 
of  Material’ Charged) 


No.  of 
prep¬ 
aration 

Fractions  obtained 

_ 

irimcnul 

temperatures 

400-410* 

j 

410-420* 

420-43ir 

440-460* 

480-600* 

1 

Up  to  160*  (760  mm) 

59.47 

50.7 

54.7 

57.2 

56.57 

2 

110-150*  (12  mm) 

17.4 

24.0 

23.6 

22.0 

22.8 

3 

150-175*  (12  mm) 

6.86 

2.62 

6.15 

2.7 

6.3 

4 

175-200*  (12  ram) 

13.3 

15.5 

8.3 

7.85 

5.15 

5 

Residue  above  200* 

4.87 

6.94 

4.23 

9.05 

5.7 

Losses 

2.1 

0.24 

3.02 

1.2 

3.48 

TABLE  9 

Yield*  of  Phenylbrotnosllane*  and  Silicon  Tetxabromkle  at  Varlou*  Experi- 
menial  Temperatiues 


No.  of 
prep¬ 
aration 

Experimenul 

temperatures 

SiBr4 

Cal%SiBr, 

Intermed¬ 
iate  frac¬ 
tion 

Residue 

1 

400-410* 

14.4 

32.8 

14.5 

28.0 

10.3 

2 

410-420 

13.5 

42.4 

4.5 

'27.4 

12.2 

3 

420-430 

16.2 

46.8 

12.2 

16.4 

8.4 

4 

440-460 

17.1 

44.0 

5.4 

15.6 

17.9 

5 

480-500 

17.4 

47.2 

13.0 

10.6 

11.8 

■  ■ 


We  were  unable  to  l*olate 
silicon  tetrabromlde  (SlBr^  in  the 
pure  state  due  to  the  closeness  of 
Its  boiling  point  (1S4*)  to  that  of 
bronoobenzene  (157*). 


The  amount  of  silicon 
tetrabromlde  obtained  was  deter* 
mined  by  hydrolyzing  the  fraction 
which  came  over  up  to  160*1  the 
bromobenzcne  was  then  removed 
by  tteam*dlstlllatlon.  At  experi¬ 
mental  temperatures  of  400^00* 
we  obtained  14-17^  silicon  tetra- 
bromide  (Table  9). 

Phenyltrlbro  mo  silane 
CnHcSiBra,  This  compound  has 
not  prevloosly  been  dcKribed 
In  the  literature.  Its  Isolation 
In  the  pure  form  was  effected 
by  vibjectlng  the  110-150*  (12 
mm)  fraction  to  repeated  vacuum 
fractionation  Into  nanower  cuts, 
each  of  which  was  analy^  for 
the  bromine  contenu  The  frac¬ 
tion  with  b  p.  130-131*  at  12 
mm  had  a  orumlne  content 
closest  to  that  of  phenyltrl- 
bromosUane. 


t ' 


■  t 
.  t 

r 


i  i- 

i  ■ 


The  bromine  was  determined  by  saponification  with  alkali.  0.3779  g  subsunce:  19.6  ml  0.5  N  i  > 

KOH;  13.21  ml  0.5  N  1%S04  0.4323  g  subsunce:  19.6  ml  0.5  N  KOH;  12.24  ml  0.5  N  l^SO^  i| 

Found  Br  68.27,  68.80.  C^HiSlBr,.  CalcuUted  %  Br  69.58.  j  ;* 

Volhard  determinations  of  the  bromine  invariably  gave  slightly  lower  resulu:  the  cause  of  this  was  the  j 

resinous  precipitate,  formed  when  the  sample  was  Introduced  into  silver  nitrite  solution,  which  evidently  ad- 
sotbed  some  of  the  bromine.  •  j- 

A  resin  is  also  precipitated  during  determination  of  bromine  in  phenyltribromosUane  by  alkali  saponifica- 
tion,  but  Since  the  sample  Is  refluxed  with  the  alkali  solution  for  1^*  hours  the  analysis  is  more  accurate. 

Diphenyldlbromosllane  (C^Ht)iSiBrt.  The  fraction  with  b.p.  175-200*  at  12  mm,  obtained  by  fractionation  ^  | 

of  the  crude  mixture  of  phenylbromosilanes,  was  cut  at  12  mm  into  nanow  fractions  whose  bromme  contents  were 
determined. 

The  bromine  content  of  the  190-194*  (12  mm)  cut  closely  approached  that  of  diphenyldlbromosllane.  ' 

This  fraction  solidified  at— 70*. 

( 

0.2474  g  substance;  14.82  ml  0.1  N  AgNp,.  0.2460  g  subsunce:  14.88  ml  0.1  N  AgNO^ 

(Volhard).  0.3316  g  substance:  4.45  ml  0.5  N  KOH.  0.3822  g  subsunce:  4.55  ml  0.5  N  * 

KOH  (saponification).  Found  Br  46.11,  46.56,  46.64,.47.  Cj|HjgSl&|.  Calculated  j 

Br  46.78.  J  - 

The  Identity  of  thU  fracUon,  b.p.  190-194*,  with  pure  diphenyldibromosilane  was  confirmed  by  the  purity  ,  i 
of  the  diphenylsilanediol  which  we  obuined  by  hydrolyzing  the  fraction. 

Triphenylbromosilane  fCaHO»StBr.  The  residue,  which  boUed  a:  above  200*  at  12  mm,  was  fractionated 
It  3  mm;  between  200  and  220*  a  colorless  crysulline  substance  came  over,  m,p.  114-118*  (according  to  the 
literature  (CgiyjSiBr  melts  at  118-120*).  The  bromine  content  of  these  crystals  (using  the  saponification  method)  j- 

was  26-27^  Br  (mean  value)  (calculated  for  (C^IViSlBr  The  slightly  high  bromine  content  and  the  sllghtiy  ■ 


low  melting  point  are  explained  by  the  lack  of  purity  of  die  substance.  We  were  unable  to  recrystallize  the  tri-  | 
phenylbromosilane  because  the  quantity  was  insufficient.  '  ' 

In  the  temperature  range  of  250-800*  (3  mm)  we  obtained  a  viscous,  red  liquid  with  a  mean  bromine 
content  of  49^  ... 

General  properties  of  the  phenylbromosllanes.  Phenylbromosilane  and  dlphenyldibromosllane  are  heavy, 
colorless  liquids;  tiiphenylbromosllane  is  a  colorless,  crystalline  substance.  All  the  phenylbromosllanes  fume  in 
the  air  and  are  readily  hydrolyzed  by  water;  they  distill  in  vacuum  without  decomposition! 

SUMMARY 

A  direct  synthesis  of  methyl-  and  phenylbromosllanes  was  effected  and  the  composition  of  the  distilled 
fractions  was  investigated. 
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OLEFIN  OXIDES 

IX.  CX)NDENSATION  OF  OLEFIN  OXIDES  WITH  NITROSYL  CHLORIDE  ' 

M,  S,  Malinovsky  and  N.  M.  Medyantieva 

We  know  that  olefin  oxides  react  with  organic  acids  to  form  glycol  monoethers,  while  replacement  of  the 
acid  by  the  anhydride  leads  to  diethers.  These  reactions  are  well^nown  fl,2,3}and  are  exploited  on  the  Indus* 
trial  scale  for  the  production  of  ceruin  edicts  uullzed  as  solvents. 

Much  less  study  hat  been  devoted  to  the  reaction  between  olefin  oxides  and  acid  chlorides  whlcK  gen* 
eially  speaking  ought  to  present  Interest  In  view  of  the  synthesis  of  halo-^ubstituted  esters  containing  halogens 
in  the  alcohol  radical,  for  example: 


V 


acHCHjOCOCH,. 


Still  more  neglected  have  been  the  reactions  of  oxides  with  chlorides  of  Inorganic  acids,  although  the 
resulunt  products  may  be  utilized  as  starting  materials  for  further  syntheses. 

With  the  ainof  filling  this  gap,  we  investigated  the  action  of  nitrosyl  chloride  and  carbonyl  chloride  on 
the  oxides  of  ethylene,  propylene  and  cyclohexene,  and  on  epichlorhydrin.  We  report  the  results  in  this  com¬ 
munication. 

Reactions  between  nitroryl  chloride  and  organic  compounds  may  proceed  in  two  directions.  First,  the  whole 
of  the  nitrosyl  chloride  adds  on  to  the  subsumce  with  which  It  reacts,  undergoing  preliminary  splitting  into  NO  and 
chlorire.  Double-bond  compounds  thus  usually  react  with  it  as  follows : 

R,C  R,C-NO 

jf  +  NOa-^  1 

PjC  RjC-  Cl 

This  form  of  reaction  hts  been  closely  investigated  by  N.  Ya.  Demyanov  [2]  and  pupils. 

Second,  Ae  nitrosyl  chloride  simultaneously  oxidizes,  chlorinates  and  nitrites  the  substance.  B^zalde- 
hyde  Is  transformed  into  benzoyl  chloride  and  benzoic  acid,  while  ethyl,  isopropyl  and  butyl  alcohols  give  the 
corresponding  nitrites  [5],  Secondary  amines  react  with  nitrosyl  chloride' to  form  nitrosamlnes  (6];  acetone  yields 
tsonitrosoacerone  pj  and  so  on. 

Nitrosyl  chlo’-ide  will  obviously  react  with  olefinoxldes  in  one  of  these  directfons,  and  most  probably  in 
tne  first,  this  prediction  has  been  fully  confirmed  by  experiment 

We  obtained  the  following  chloralkyl  nitrites:  From  ethylene  oxide  ClCF^CHjONO;  irom  propylene  oxide 
ClCHjCH(OSO)Crf,.  from  cyclohexene  oxide  H»C yCH^-CHONO;  from  epichlorhydrin  ClCH,CH(ONO)ChkCl. 

The  structure  of  the  reaction  products  was  confirmed  by  saponification  which  gave  the  corresponding  glycol 
chloihydrins;  the  latter  were  identified  as  such  and  also  transformed  into  the  oC'Oxides.  Furthermore  some  of  these 
esters  are  described  in  the  literature  (they  had  been  prepared  by  other  methods)  and  their  constants  agreed  fully 
with  those  in  the  literature. 

The  esters  prepared  ftom  olefin  oxides  and  nitrosyl  chloride  possess  a  characteristic  odor  which  causes 
headaches. 

EXPERIMENTAL 

Nitrosyl  chloride  was  prepared  from  nitrosylsulfuric  acid  and  sodium  chloride  [83.  Condensation  with  the 
oxides  was  effected  in  a  medium  of  ether  (equal  volumes).  In  these  conditions  the  sole  product  of  condensation 
is  the  coiresponding  ester  of  nitrous  acid,  which  1$  formed  in  good  yield.  Iii  the  absence  of  ether  as  a  diluent,  the 


yield  of  nltroui  acid  ester  it  considerably  reduced  due  to  formation  (in  many  cases)  of  a  certain  oily  substance  con 
taining  nitrogen,  which  docs  not  distill  in  vacuum  and  on  keeping  rapidly  decomposes  wiUi  sepuation  of  oxalic  ac 
(when  using  ethylene  oxide  and  propylene). 

1)  Condensation  of  ethylene  oxide  with  nitrosyl  chloride.  Ethylene  oxide  (10  g)  was  diluted  with  an  etpial 
volume  of  anhydrous  ether,  and  through  this  mixture  (cooled)  was  passed  a  stream  of  nitrosyl  chloride  until  the 
liquid  had  acquired  a  slightly  reddish  color,  which  Indicated  a  slight  excess  of  nitrosyl  chloride  (in  the  absence  of 
this  excess  a  good  deal  of  the  oxide  remains  unchanged).  The  mixture  was  then  stood  in  iced  water  for  24  hours, 
following  which  it  was  subjected  to  fractionation.  If  the  mixture  had  not  been  allowed  to  stand  for  the  specified 
period  and  distille'd  quickly  or  after  standing  for  2  hours,  then  a  condensation  product  could  not  usually  be  isolated 
The  oxide  and  nitrosyl  chloride  then  distill  over  unchanged.  ' 

After  distilling  off  the  ether  on  the  water  bath  from  the  product  which  was  allowed  to  stand  for  24  hours, 
the  residue  was  distilled  from  a  small  flask  with  a  dephlegmator.  A  total  of  18  g  colorless  liquid  was  obtained 
with  b.p.  94-95*  at  730  mm  (after  a  second  distillation).  The  yield  was  72.5^oof  the  theoretical.  Specific  gravity 
1.2178  (at  20*). 

0.2254  g  subsunce;  0.2915  g  AgCL  Founder  a  32.04.  CtH^O^NCl.  Calculated Cl  32.42. 

Ethylene  chloronitrite  had  originally  been  prepared  by  the  action  of  hydrochloric  acid  on  an  aqueous  solu¬ 
tion  of  equimolar  amounts  of  ethylene  chlorohydrin  and  sodium  nitrite  [9]  The  constants  reported  for  it  in  the  lit¬ 
erature  are:  b.p.  95-96*  at  764  mm;  dj*  1.221. 

Heating  of  the  ethylene  chloronitrite  prepared  by  us  with  a  solution  of  sodium  hydroxide  caused  ethylene 
oxide  to  separate,  and  sodium  nitrite  was  detected  in  the  solution.  ^ 

2)  Condensation  of  propylene  oxide  with  nitrosyl  chloride.  The  condensation  was  performed  as  above. 
After  the  mix':^ire  had  stood  for  24  hours,  the  ether  was  distilled  off  together  with  unreacted  propylene  oxide;  and 
the  residue  fractionally  distilled  from  a  flask  with  a  deplJegmator.  11.8  g  of  liquid  was  obtained  (from  7  g  oxide) 
with  b.p.  101-102*  at  730  mm,  dj*  1.1214,  which  fully  agreed  with  the  literature  data  for  this  compound  (9).  The 
prepared  nitrous  ester  was  saponified  with  potassium  carbonate  solution  to  give  propylene  chlorohydrin  with  the 
composition  CHjCH(OH)CHUCl  (b.p.  128-130*,  In  agreement  with  the  literature),  which  confirms  the  above  formul 
for  the  nitrous  ester. 

0.2197  g  substance:  0.2573  g  AgCU  Founder  Cl  28.90.  CjH^NCl.  Calculated  a  28.70. 

3)  Condensation  of  cyclohexene  oxide  with  nitrosyl  chloride.  7  g  cyclohexene  oxide  (b.p.  129-130*)  was 
condensed  with  nitrosyl  chloride  as  in  the  preceding  experiments.  There  was  obtained  8  g  faintly  yellow,  oily 
liquid  with  b.p.  81-83*  at  23  .mm,  dj*  1.1468.  Yield  64<5kof  the  theoretical. 

0.2054  g  subsunce:  0.1742  g  AgO,  Found  <5b:  Q  21.39.  C,Hi/3^NCl.  Calculated  Cl  21.70. 

Treatment  with  potassium  carbonate  solution  converted  the  substance  into  cyclohexene  chlorohydrin:  heat¬ 
ing  with  caustic  alkali  solution  led  to  reformation  of  cyclohexene  oxide,  thereby  confirming  the  above  formula 

4j  Condensation  of  epichlorohylan  with  nitrosyl  chloride.  Condensation  was  performed  with  7  g  epichloro- 
hydiin  and  9  g  ClCH4CH(O.NO)CH4Cl  was  obtained  or  76*5^  of  theory. 

The  synthesized  ester  was  a  colorless  liquid  with  b.p.  72-74*  at  42  mm,  d*  1.3434.  Careful  saponification 
with  weak  potassium  carbonate  solution  resulted  in  formation  of  ClCi%CH(OH)Cl^Cl.  while  treatment  with  causae 
alkali  gave  epichlo-ohydrin. 

0.1974  g  Substance:  0.3514  g  Aga.  Found  <5k:  0  44.80.  C,H,O^NCl|.  Calculated  Cl  44.90. 

SUMMARY 

1.  The  reaction  between  olefin  oxides  and  nitrosyl  chloride,  which  permits  the  preparation  of  chloro- 
alkyl  niintes  in  good  yield,  was  studied. 


2.  Two  new  chloroalkyl  luaites  were  synthesized  tor  the  first  time. 
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SUGAR  DERIVATIVES  OF  AMINO  ACIDS 


I,  QUINOVOSYL-GLYCINE  AND  ITS  DERIVATIVES  • 
M.  Kb.  Gluztnan  and  V.  I.  Kovalenko 


CaTbohydrate-emlno  acid  ccmpoundt,  which  can  be  regarded  ai  the  simplest  representatives  of  the  carbolsy* 
dtaie-peptide  and  carbohydrate  -pretein  complexes,  play  an  unportant  part  In  biochemical  processes  and  present 
great  interest  for  biochemistry,  biology  and  chemotherapy. 

Carbohydrate-protein  complexes  enter  into  the  composition  of  antigens  and  toxins  of  microorganisms  [1.23. 

The  specific  polysaccharides  isolatw^  fcom  microorganisms  [2,  3,  4]  and  also  found  in  higher  organisms  [5]  are  car- 
buhyutaic-amino  acid  (peptidic)  and  monose  complexes. 

V.  G.  Drobotko  [61  Sh.  D.  Mashkovsky  p]  and  others  draw  attention  to  the  possibility  of  utilization  as  med¬ 
icinal  preparations  cf  amino  acid  analogs,  examples  of  which  are  synthetic  carbohydrate  derivatives  of  amino  acids. 

In  1949  A.  L  Oparin  and  D.  N.  Bezinger  [8]  Isolated  a  high-molecular  compound  from  champagne  by  duly- 
sis  and  precipitation  with  alcohol.  Hydrolysis  of  this  compound  gave  a  carbohydrate  and  a  pepnde.  In  the  authors* 
opinion  complex  compounds  are  formed  in  natural  wines  from  amino  acids  or  peptides  and  sugars  with  participation 
of  yeasts  and  their  autolyzates.  They  consider  that  "these  compounds  can  be  extremely  diverse  in  structure,  size 
of  complex  and  bond  stability,  and  their  investigation  is  of  undoubted  interest  for  biochemistry  because  of  the  dera- 
onstiated  close  connection  between  these  complexes  and  metabolism.* 

V.  Kretovich  and  R.  Tokareva  [91  showed  diat  sugars  react  with  amino  acids  in  various  fermentation  processes. 

Attention  was  drawn  for  the  first  time  to  the  possibility  of  reaction  between  sugars  and  amino  acids  by  the 
Russian  workers  S  Kostychev  and  V.  Brilliant  £10}.  They  shoved  [11]  that  sugars  conuining  a  free  reducing  group 
are  capable  of  forming  compounds  with  amino  acids  and  peptides  whose  carboxyl  group  permits  the  formation  with 
copper  hydroxide  of  inmluble  precipitates  [12^  The  carbohydrate-amino  acid  complexes  of  S.  Kostychev  and  V. 
Brilliant  are  labile  and  decompose  to  give  the  original  components.  The  work  cf  these  irivestigatois  was  continued 
by  N.  Ivanov  [13J 

The  work  of  these  and  many  other  Investigators  made  it  clear  that  the  reaction  of  amino  acids  with  sugars 
involves  the  ammo  group  of  the  amino  acid  and  the  carbonyl  group  of  the  sugar.  Further  work  m  this  field  has 
been  d  reeled  toward  the  synthesis  of  this  type  of  product 

AM.  Kuzin  and  O.L  Polyakova  [1]  piepaied  a  glucoside  of  glycine  in  the  form  of  the  calcium  and  barium 
salts.  I.C.  livine  [14]  synthesized  a  glucoside  of  alanine,  and  A.  Stepanov  and  V.  Mameva  [15]  obtained  B-gluco- 
syl-N-Iysine. 

Some  amino  acids  and  peptides  have  been  brought  into  reaction  with  glucose  or  with  halogen-containmg 
hexoses  and  bloses  in  the  foim  of  their  ethyl  esters  [16].  The  comiounds  prepared  m  this  way  decompose  when 
saponified  [17J. 

Study  of  the  modes  of  reaction  of  carbohydrates  with  proteins  is  complex;  it  is  naturally  necessary  at  the 
start  to  study  the  possible  modes  of  interaction  of  carbohydrates  with  the  simple  breakdown  products  of  pioteini  — 
amino  acids. 

The  presence  in  both  amino  acids  and  monoses  of  several  functional  groups  makes  possible  a  whole  variety 
of  reactions  between  them.  Tlie  hydroxyl  group  of  the  sugar  might  be  esterified  by  the  carboxyl  group  of  the  amino 
acid;  a  link*up  may  occur  through  the  hydroxyl  group  of  the  monose  and  the  hydroxyl  (or  SH)  group  of  hydroxy- 
amino  acids  of  the  type  of  serine  (or  cysteine);  glucosides  of  simple  sugars  may  be  formed  s.i  the  cost  of  the  N1I|-, 

OH-  or  SH-  group  of  ammo  acids;  finally,  those  sacclJulferous  amino  acids  m  which  the  amino  group  belongs 


^simultaneously  to  an  amino  sugar  and  an  amino  acl4  constitute  a  special  group  of  substances  (183.  Th®  poMible 
diversity  of  these  compounds  is  evident  from  the  fact  ilui  one  molecule  of  a  monose  can  be  linked  with  several 
identical  or  different  amino  acids. 

We  set  oiuselves  the  task  of  investigating  the  inusaal  group  of  sugar  derivatives  corutituting  the  products 
of  reaction  of  l,2-mcnoacett)ne-5,6-nnhydrO'd-glucose  (1)  with  amino  acids:  qjI 


CHjNHCHCOOX, 


where  R  is  a  radical  and  X  is  hydrogen,  barium  or  alkyl. 

Consequently  we  obtain  carbohydrate-amino  add  compounds  which  can  be  regarded  as  a  new  group  of  the 
simplest  representatives  of  the  carbohydrate-peptide  and  carbohydrate-protein  complexes,  distinguished  by  having 
the  mtiogen  atom  linked  with  the  sixth  and  not  with  the  first  carbon  atoms  of  the  monose. 


^  L  Methods  of  condensation  of  monoace tone-agSrydroglacose  with  amino  acids.  The  synthesis  of  the  only 
6 -amino  acid  derivative  of  glucose  reported  in  the  lireranire,  6-(N-alanine)-glucose,  was  described  as  far  back  as 
1938  by  Helferlch  and  Mittag  [19],  but  the  problem  has  aot  aroused  interest  since  then.  The  authors  condensed 
anhydroglucose  with  the  ethyl  ester  of  alanine  at  roon:  temperature,  saponified  the  ester  group  and  the  acetone 
residue,  and  so  obtained  6-(alanine)-glucose  in  IQfJo  yieUd. 

Utilizing  this  method  we  obtained  products  of  ccadensation  of  monoacetone-anhydroglucose  with  the  methyl 
ester  of  tyrosine,  the  ethyl  ester  of  p-aminobenzolc  acid  and  the  butyl  ester  of  glycine.  The  method  proved  to  be 
simple  in  application,  the  reaction  proceeds  in  solutloa  and  in  a  melt,  and  in  the  presence  or  absence  of  pyridine 
(catalyst).  In  some  cases  (cystine),  however,  the  esters  of  the  amino  acids  are  converted  during  the  reaction  almost  | 
completely  into  the  corresponding  derivatives  of  diketspiperazine  and  other  more  complex  products  [201 

We  therefore  attempted  to  carry  out  the  ccndensarion  of  the  anhydroglucose  with  amino  acids,  utilizing 
the  observation  of  A.l  Kiprianov  and  other  workers  [21}  Aat  aliphatic  amino  acids  are  capable  of  reacting  with 
organic  o-oxides.  Experiments  were  performed  In  meltx  and  in  solution,  also  in  presence  of  a  catalyst,  but  no 
reaction  occurred.  Evidently  the  pecular  structure  of  tiiis  organic  oxide  here  plays  a  part. 

We  then  developed  a  new  and  more  convenient  '::>ethod  of  preparation  of  sugar  derivatives  of  ammo  acids, 
coisisting  in  replacing  the  free  amino  acids  in  the  reaction  with  l,2-monoacelone-5,6-anhydro-d-glucose  by  their 
barium  salts,  which  arc  usually  readily  soluble  in  water  and  can  be  prepared  by  dissolving  the  amino  acids  In  0.1- 
0.2  N  barium  hydroxide.  This  method  permitted  us  to  prepare  monoacetone-quinovose  derivatives  of  various  amirx) 
acids.  Reaction  of  one  mole  of  the  barium  salt  of  an  azr^ino  acid  with  two  mcles  of  the  anhydroglucose  gives  the 
bis  ■(morx)acetone-quinovosyl)-N-amlno  acid. 

The  pH  of  the  medium  is  exceptionally  importani  for  a  successful  outcome  of  the  reaction.  There  are  indi¬ 
cations  that  many  reactions  Involving  addition  to  anhydroglucose  proceed  only  in  a  weakly  alkaline  medium.  Thus, 
for  example,  the  addition  of  hydrogen  sulfide  to  anhydrcglucose  takes  place  m  barium  hydroxide  solution,  and  the 
preparation  jf  6-alkyl  [22]  and  6-arvl  ethers  of  monoacecocie-glucose  [23]  is  only  possible  in  presence  of  an  alcoholate 
or  phenoiate. 


Moreover,  as  shown  by  G.  Lampson  and  co-worken  [24],  anhydroglucose  reacts  readily  with  dlsodium  phos¬ 
phate  (pH  of  solution  9.7),  whereas  no  reaction  occurs  wiih  mono- and  trisodium  phosphates,  due  to  die  strong  acidity 
or  alkaUnity  of  the  media.  The  pH  of  solutions  of  barium  salts  is  within  the  range  of  8-10,  thus  being  comparable 
to  that  of  disodium  phosphate. 


No  report  has  hitherto  appetred  In  the  literature  on  the  performance  of  the  reaction  between  mIu  of  amino 
acidi  and  organic  oxldei;  we  therefore  now  desaibe  our  method;  1-1.2  equivalent*  of  the  free  amino  acid  are  dU- 
solved  in  a  lUndard  solution  of  barium  hydroxlde.(0.05-0.2N>;  lolutlon  of  the  amino  acid*  wMch  we  InvesUgated  • 
took  place  in  the  cold.  The  solution  ha*  an  alkaline  reactUm,  due  to  hydrolysis.  Alkalinity  1*  detrimental  to  the 
anhydroglucose  and  is  prevented  by  taking  0.01-0.05  equivalents  of  barium  hydroxide  leu  than  U  required  by  cal¬ 
culation. 

Addition  i*  made  to  the  solution  of  the  barium  s«lt  of  the  amino  acid  of  1  equivalent  of  anhydroglucose 
which  rapidly  goes  into  solution.  Flask  and  contents  are  Immersed  in  a  boiling  water  bath  and  refluxed  for  l-Ol* 
hours.  The  solution  remains  transparent  and  colorless.  At  the  end  of  the  stated  period,  addition  Is  made  to  the 
hot  solution  of  the  calculated  amount  of  0.4  N  sulfuric  acid  solution  in  order  to  remove  the  barium.  The  flask 
contents  are  shaken  for  a  short  period  by  hand  or  on  a  machine  until  all  the  carbonate  has  been  converted  into  barium 
sulfate.  After  cooling  slowly,  the  solution  filters  without  special  difficulty.  The  filtrate  is  tested  for  freedom  from 
barium,  evaporated  to  dryness  m  vacuum  at  a  bath  temperature  not  higher  than  50-6(r,  and  the  product  is  dried 
toward  the  end  in  a  vacuum  at  90-95*. 

The  residue  in  the  flask  is  the  crude  product  of  condensation  of  the  anhydroglucose  with  amino  acids  and 
it  often  amorphous.  The  purification  procedure  will  vary  with  the  propefile;  of  the  amino  acid  In  each  particular 
case.  By  this  method  we  succeeded  in  preparing  sugar  derivatives  of  such  sparingly  water-soluHe  amino  acids  as 
tyrosine  (1  part  dissolves  in  2400  parts  water)  and  cystine  (1  In  1840  water).  In  these  cases  it  was  necessary  to 
resort  to  high  dilutions  of  the  solution  due  to  the  poor  solubility  of  their  baiium  salts. 

Bis-monoaceto:.e-quinovosyl  derivatives  of  diamino  acids  were  prepared  by  reacting  two  moles  of  the  an- 
hydrogluccse  with  one  mole  of  amino  acid. 

This  method  is  entirely  suitable  for  preparation  of  products  of  condensation  of  anhydroglucose  with  di- 
and  polypeptides;  for  these,  however,  we  must  use  0.05  N  barium  hydroxide  solution  for  dissolving  the  peptide 
In  Older  to  avoid  hydrolysis  of  the  peptide  bond. 

The  applicability  of  this  method  is  not  limited  to  the  reactions  of  anhydroglucose  with  amino  acids;  It 
can  be  recominended  for  preparation  of  derivatives  of  amino  acids  with  those  organic  a -oxides  which  do  not  undergo 
hydration  m  aqueous  solution  in  the  course  of  3-4  hours.  We  succeeded,  for  example,  in  effecting  the  reaction 
between  the  cysune  salt  and  ethylene  oxide,  which  yielded  dihydroxyethyl  cysune. 

Concerning  the  cleavage  of  the  acetone  residue  from  monoActtone-quinovosyl-amlno  acids,  this  can  be 
effected  with  the  following  acids  (according  to  the  literature):  0.05-0.1  N  sulfiirlc.hydrochloric,  nitric,  and 
acetic  acid  (in  various  concentrations  from  35*^  to  glacial).  The  duration  and  temperature  of  the  reaction  vary 
within  very  wide  limits.  After  testing  the  majority  of  these  methods  both  in  the  cold  and  on  the  water  bath,  we 
arrived  at  the  conclusion  that  all  these  methods,  In  their  original  form,  are  unsuiublc  for  the  present  problem. 
Hydrolysis  with  0.1  N  sulfuric  acid  or  with  acetic  acid  in  the  cold  or  with  heating  is  observed  to  cause  very 
drastic  saponiflcanon  of  the  hydrolsis  product,  and  purification  is  made  difficult.  We  developed  a  new  method 
of  hydrolysis  of  monoacetone“quix;ovosyl-»..s'Jio  acids,  based  on  utilization  of  a  hydrogen  atmosphere. 

The  product  of  condensation  of  anhydroglucose  with  the  amino  acid  Is  dissolved  in  5-10-50  times  the  vol- 
ume  of  50^  acetic  acid  in  a  flask  fitted  with  a  reflux  condenser  and  a  tube  reaching  to  the  bottom  through  which 
hydrogen  is  bubbled.  Hyd^gen  is  first  passed  through  ♦or  a  few  minutes  in  order  to  drive  out  the  air  from  the  flask. 
The  tlask  is  thereupon  immersed  in  a  boiling  water  bath  while  hydrogen  is  bubbled  steadily  for  3-4  hours.  During 
the  fust  hours  the  solution  remains  colorless,  but  by  the  end  of  the  beating  period  the  color  1$  faint  yello' 

The  contents  ate  then  decolorized  with  a  small  quantity  of  active  carbon.  The  filtrate  is  evaporated  in  a  vacuum 
at  a  bath  temperature  of  50  €0'*.  After  the  whole  of  the  Uquid  has  evaporated,  addition  U  made  to  the  flask  through 
the  dropping  funnel  of  a  few  ml  distilled  water  and  evaporation  is  repeated.  This  operation  Is  repeated  3-4  times 
until  all  the  acer.c  acid  has  been  removed,  Decolorization  with  active  carbon  is  repeated  at  this  stage,  if  necei- 
sarv.  and  the  liquid  is  filtered  and  evaporated  in  vacuum.  The  procedure  for  funher  purification  of  Uie  hydrolysU 
product  will  vary  with  the  individual  case,  depending  on  the  solubility  and  other  properties  of  the  prepared  sub¬ 
stance.  This  method  permitted  the  cleavage  of  the  acetone  residue  from  the  majority  of  our  ptoducu  of  conden¬ 
sation  of  anhydroglucose  with  amino  acids. 

IL  Condensation  of  anhydroglucose  with  the  barium  salt  of  glycine,  Reaction  between  1,2-monoacetoae- 
5;6-anhydrogluco$e  (I)  and  amino  acids  leads  to  a  compound  of  type  (II),  cleavage  from  which  of  the  .^c^tone 


residue  yields «  compound^  of  type  (III).  The  name  £-quinovo$yl  has  been  assigned  in  the  literature  to  the  glu 
cose  residue  obtained  after  removal  of  hydroxyl  from  the  sixth  carbon  atom:  hence  compounds  (11)  and  (III)  can  respe 
tlvely  be  turned:  l,2-monoacetone-<iulnovosyl*€-N-amtno  acid  and  qulnovo$yl*6-N-amlno  acid. 

We  have  prepared  monoacetpiie^ulnovosyl-€-N-glyclne  (IV)  and  bls-(roonoacetone-<iuliiovosyl-€,o  )-N'gly 
cine  (V):  _ 


H-C-O^yCH, 

Ah. 


H-^-a 

HO-C-H 

H-C-OH 


H-C-O 


HO-C-H 


CHjNHCH^COOH 

(IV) 


KO-i-H 

I 

H-C-OH 

I 

K*^ - 

I 

- Cl^ 


Cl^COOH 


Substance  (IV)  was  'btained  in  the  crysulline  form  but  (V)  was  amorphous.  Tne’r  aqueous  solutions  are 
acid  to  litmus. 

“  It  has  been  reported  (23)  that  S-substituied  esters  of  monoacetone-glucosc  ar."  formed  when  carboxylic 

acids  are  heated  with  anhydroglucose  to  140*.  Esters  with  acetic  and  benzoic  acids  were  thus  prepared.  It  would 
thus  be  expected  that  aiso  in  the  condensation  of  anhydroglucose  with  amino  acids  the  amino  acid  residue  would 
combine  at  the  carboxyl  group.  We  performed  ilie  condensation  of  anhydroglucose  with  the  butyl  ester  of  glycine 
for  the  purpose  of  demonstrating  that  our  reaction  between  anhydroglucose  and  the  barium  salts  of  amino  acids 
does  not  irvolve  addition  of  the  amino  acid  residue  to  the  carboxyl  group  attached  to  the  ethylene  oxide  ring. 

In  our  case  the  addition  indisputably  takes  place  at  the  amino  group,  since  the  carboxyl  group  Is  esterified. 
The  obtairted  compound  (VQ  gives,  on  saponificallonwith  barium  hydroxide,  a  small  yield  of  product  (IV). 


H-d-O  ^CH, 

/‘V 

H-C-O  CH, 
HO-C-H 


H-C-OH 


Compound  (IV),  prertared  by  condensation  of  anhydroglucose  with  the  barium 
salt  of  glycine,  ana  the  substance  synthesized  with  the  help  of  the  butyl  ester  of  gly 
cine  proved  to  be  identical  (in  melting  point,  nitrogen  content,  specific  rotation  and 
chemical  properties).  Hence  by  using  the  barium  salts  of  amino  acids  for  the  re* 
action  with  anhydroglucose  we  have  the  possibility  of  preparing  compounds  of  die 
type  of  (IV)  and  (V). 

After  cleavage  of  the  acetone  residue  from  compounds  (IV)  and  (V),  quino- 
vosyl-6-N-glycJne  and  diquincvosyl  e,6*-N-glycine  are  isolated. 


CH  NHCKCOOC  H  compounds  are  dextrorotary,  whereas  their  1.2-monoacetone  derivatives 

*  ^  *  *  are  levoroGtcrv.  Their  aqueous  solutions  do  not  undergo  mutarotation.  These  glycine 

derivatives  are  readily  oxidized  in  an  acid  solution  even  with  atmospheric  oxygen. 
They  ate  probably  decomposed  into  their  components.  Glucose  gives  rise  to  6-hydroxymethyl  furfural,  which  with 
ammo  acids  gives  colored  pioducts  whose  amount  is  smaller  In  a  solution  of  diqulnovosyl-amiix)  acids. 

In  this  respect  there  is  full  agreement  with  the  data  of  M.  Wolfrom  (25)  who  observed  that  heating  of  amino 
acids  with  glucose  in  acid  solution  gave  an  amount  of  colored  substances  smaller  than  in  the  case  of  N-disubstituted 
ammo  acids. 

EXPERIMENTAL 

Reaction  of  Anhydroglucose  with  Glycine 

1.  a)  Condensation  of  the  anhydroglucose  with  barium  salt  of  glycine.  The  inonoacetone*glucose  re- 
quued  for  the  irvestigation  was  prepared  by  the  procedure  of  Zervas  and  Sessler  [26]  as  modified  by  Gluzman 
ard  Utvinenko  [27],  6  ^  Tosyl  ^onoacetone-glucose  was  prepared  by  A.  Meyer's  method  [28]  and  then  the  anhydro- 
gluco^  by  the  method  of  Ohle  and  Varga  [29].  In  the  last  two  stages  dichloroethane  was  substituted  for  chloroform 
without  fall  in  yields. 
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1.1  g  (14.6  mllllmolei)  glycine  It  dissolved,  by  heating  on  the  yater  bath,  In  67.8  ml  0.2  N  barium  hydroxide. 
To  the  solution  Is  added  2.78  8  (13.6  millimoles)  anhydioglucose.  Further  treatment  it  as  described  In  the  general 
account  of  the  method  above.  After  heating  for  2^*  hours  the  barium  Is  precipitated  with  sulfuric  acid  (36.1  ml), 
and  the  residue  after  evaporation  in  vacuum  and  drying  at  90-100*  Is  digested  with  10-15  ml  dry  ethyl  acetate  and  then 
with  acetone i  the  product  is  filtered  and  the  residue  on  the  filter  Is  washed  with  acetone  and  dry  ether.  Yield  2.48  g 
(85^  ot  the  theoretical).  The  substance  melts  at  173-174*  without  decomposition.  The  aqueous  solution  of  the  pre¬ 
pared  glycine  derivative  has  an  ac’.d  reaction;  it  readily  dissolves  barium  carbonate  and  the  barium  can  only  be  pre¬ 
cipitated  from  It  with  sulfuric  add. and  not  with  carbon  dioxide. 

[a]Q  -'6.3°  (c  *  2.922;  water). 

0.1467  g  subsunce:  5  17  ml  0.1  N  H,SO^  0.1659  g  substance:  5.90  ml  0.1  N  l^SO^.  Found<3fc: 

N  4.93.  4.98.  C^HiPtN.  Calculated  <5!,:  N  5.04. 

The  prepared  1  2-monoace rone-q'jlnovosyl-6"N  glycine  Is  readily  solifcle  In  ware'  and  In  dilute  and  glacial 
acetic  acid;  It  is  less  soluble  in  the  cold  in  70*^  alcohol  but  readily  dissolves  when  beared  The  product  Is  insoluble 
in  dry  acetone,  ethyl  acetate,  benzene  and  dichlomethane.  A  white  silver  salt  can  be  got  from  the  aqueous  solution 
b>  rhe  usual  method. 

b)  Hydrolysis  of  1  2  monoaceione  qulnovosyl-6-N-glycine  2  g  condensation  i^oduct  is  hydrolyzed  with 
50  ml  bO^  acetic  acid  in  a  hydrogen  atmosphere  for  3  hours  by  the  above -described  method.  The  residue  in  the 
flask  (1.2  g)  is  evaporated  down  and  recry  stall  ized  from  50  ml  absolute  alcohol,  and  the  crystals  ate  washed  with 
absolute  methanol  and  dry  ether.  Yield  0.5  g  {29%  of  the  theoretical):  m.p,  133-135*.  Qulnovo$>l-6-N-glycine 
IS  soluble  in  water,  dilute  ard  glacial  acetic  acid,  and  methanol;  It  Is  Insoluble  in  benzene,  ether  and  dichloro- 
ethane;  it  readily  reduces  Fehllrg  solution  when  heated  on  the  boiling  water  bath. 

[«]B  ♦10-3*(c  =  0.973,  water). 

0.1534  g  substance:  6  24  ml  0.1  N  0.1408  g  substance:  5,78  ml  0.1  N  Found  <%: 

N  5.69  5.74.  CPi^H^N.  Calculated  i:  5.90, 

QuInovosyl  -S-N-glycuie  was  characterized  by  the  preparation  of  its  phenylcsazone.  0.1  g  of  the  substance  and 
0.2  g  phenylhydiazir.e  are  dissolved  In  5  ml  water  and  0  3  ml  50^  acetic  acid.  TL-  solution  is  heated  on  the  water 
ba*h  for  1  hour.  Toward  the  close  of  the  heating  a  brownish  substance  forms  on  the  walls  of  the  vessel.  The  solution 
is  allowed  to  stand  overnight,  the  crystals  are  filtered  and  washed  with  10“^  acetic  acid,  waici,  toluene  and  ether. 

■''leld  0.07  g,  M.p.  of  the  phenylosazone  149*. 

2.  a)  Condensation  of  2  moles  anhydroglucose  with  the  barium  salt  of  glycine,  0.39  g  (5.2  millimoles) 
glyci’ie  is  dissolved  by  heatmg  in  24  ml  0.2  N  barium  hydroxide.  To  the  solution  is  added  2.1  g  (10.3  millimoles) 
anhydioglucose*  heating  for  2^'  hours.  The  barium  1$  precipitated  with  12.2  ml  0.4  if  sulfuric  acid.  Further 
treatment  is  as  in  the  previous  case.  The  residue  in  the  flask  1$  digested  with  ethyl  acetate  and  then  with  acetone 
(20  ml)  filtered  washed  with  dry  ether  and  dried  In  vacuum.  M,p.  168  -169^.  Yield  1.25  g  ^50.2^o!  the  theor¬ 
etical). 

lajU-8.2°  (c  =  1.439.  water), 

0  2134  g  Substance:  4  09  ml  0.1  N  H|SO.v  0.1588  g  substance  3.25  ml  0.1  N  l^SO^.  Found<^- 
N  2.68,  2  87.  C„H„OuN,  Calculated  <);»;  N  2.92. 

The  prepared  bls-(monoacetone  •qoinovosyl-6,6  ')-N'glycine  is  readily  soluble  In  water  and  in  ao.ueous  and 
glacial  acetic  acid.  The  aqueous  solution  is  acid  to  litmus  and  dissolves  barium  carbonate.  The  compound  does 
not  reduce  Fehling  solution. 

b)  Hydrolysis  of  bis-(monoacetone  quinovo5yl-6  6’)-N-glycinc  1.5  g  of  the  compound  Is  dissolved  by 
heating  for  3  hours  with  38  ml  SO'Jt  acetic  acid  in  a  hydiogen  atmosphere;  further  treatment  a:  for  the  mono- 
substituted  glycine.  Yield  of  crude  product  0.75  g  {b9^o  ot  the  theoretical).  The  substance  is  successively  di¬ 
gested  With  15  ml  absolute  ethanol  and  12  ml  absolute  methanol;  It  L#  then  washed  on  the  filter  with  absolute 
methanol  and  dry  ether.  Yield  0  25  g  (19.2^  of  the  theoietical).  An  additional  0.2  g  product  Is  recovered  from 
the  combined  alcoholic  filtrates  after  decolorizatlon  with  active  carbon  and  evaporation  at  room  temperature. 

The  synthesized  product  decomposes  at  110  120“  and  is  a  white  substance  readUy  soluble  in  water  60^  methanol, 
thanol,  isoptopanol;  poorly  soluble  In  other  organic  solvents,  it  leadlly  reduces  Fehling  solution  when  heated,  ft 


also  gives  a  positive  reaction  for  a  free  carboxyl  group  (formation  of  salts).  It  does  not  form  a  color  with  an  aqueous 
sol  ution  of  ninhydrin. 

[«]”  ♦23,8*  (  c  =  0.911;  water).  * 

0.1840  g  substance:  4.68  ml  0.1  N  1^804.  0.1X24  g  substance:  3.03  ml  0.1  N  l^SO^,  Found  ojo: 

N  3.56,  3.47.  CuHbftOjjN.  CalcuUted  <Sk:  N  3.50. 

3.  a)  Condensation  of  l,2*monoacetone~^,6-anhydro-d-glucose  with  the  n-butyl  ester  of  glycine^  To  a  warn 
solution  of  1,55  g  (7.6  millimoles)  anhydroglucose  In  15  ml  dry  dichlorethane  u  added  1.6  g  (12  millimoles)  butyl 
estet  of  glycine  ptepared  by  Abderhalden*s  method  [30);  The  mixture  Is  well  stirred  and  heated  to  60-70*.  A  pale 
yellow  solution  is  formed  which  1$  allowed  to  stand  for  3  days  at  room  temperature. 

At  the  expiration  of  this  period  the  dichlorethane  and  excess  butyl  ester  are  distilled  off  at  3-4  mm  at  a 
bath  temperature  of  100*.  The  oil  remaining  in  the  flask  is  heated  with  16  ml  distilled  water  on  a  water  bath  for 
3  hours  unde:  a  reflux  conde.'iSer.  During  this  treatment  the  residual  butyl  ester  of  glycine  is  partly  converted  into 
d'J<e^oplperaz\r>e  which  dissolves  in  the  water,  while  the  glucose  derivative  remains  in  the  form  of  a  viscous  oil. 
A‘ter  separating  the  aqueous  solution,  the  residue  is  worked  up  6  times  with  15  20  ml  lots  of  chloroform.  The  com¬ 
bined  chloroform  extracts  ate  decolorized  with  active  carbon  and  dried  with  sodium  sulfaie  prior  to  distillation  of 
the  solvent.  The  product  is  a  faint-yellow,  amorphous,  very  hygroscopic  substance  with  a  softening  temperature  of 
50-60*^;  It  u  readily  .soluble  in  chloroform,  acetic  acid,  and  methanol,  less  readily  soluble  in  dichlorethane  and 
acetone  Water  precipitates  it  frc.*n  methanol  solution  as  a  viscous  oil.  Yield  of  n-butyl  ester  of  1  2-monoacetone- 
quiriOvosyl'6-N  glycine  2.3  g(90JI»of  the  tiieoretical). 

[a]|J  +14.6*  (c  =  1.732;  dry  chloroform). 

0.i374  g  substance:  3.92  ml  0.1  N  0.1968  g  substance:  5.76  ml  0.1  N  Found 

N  3.99  4.10.  CisH„0,N.  Calculated^:  N4.20. 

The  condensation  of  the  anhydroglucose  with  the  equivalent  amount  of  butyl  ester  of  glycine  can  be  per¬ 
formed  by  heating  the  solution  on  the  water  bath.  Formation  of  diketopiperazine  cannot  then  be  observed.  The 
same  results  can  be  achieved  by  performing  the  condensation  in  a  mixture  of  dic'nlorethane  and  dry  methanol 
(8.1)  Large  amounts  of  methanol  might  result  in  formation  of  l-.2-vnonoacetone-6-meth>lglucose,  which  con¬ 
taminates  the  main  product. 

b)  Hydrolysis  of  the  butyl  estet  of  1.2-monoacetone-quinovosyl  6-N-glycine.  2.5  g  of  the  butyl  ester  it 
dissolved  by  heating  in  200  ml  0.2  N  barium  hydroxide  solution  (3  equivalents).  The  solution  is  left  at  room  tem- 
petatuie  for  6  hours,  after  which  the  barium  is  precipitated  with  sulfuric  acid.  After  evaporation  in  vacuum  of  the 
filtrate  (following  decolorization  with  active  caibon),  the  residue  is  a  colorless,  amorphous,  hygroscopic  substance. 
The  product  of  hydrolysis  is  dissolved  in  10  ml  dry  acetone  by  heating  and  the  solution  seeded  with  the  product  of 
condensation  of  the  anhydroglucose  with  glycine  prepared  via  the  barium  salt  of  glycine.  The  acetone  solution  iS 
left  for  5  6  days,  in  the  course  of  which  crystals  come  down  which  are  repeatedly  triturated  with  10  ml  dry  acetone, 
yield  of  CTfStallme  product  0.5  g  (24<2fo  of  the  theoretical).  Evaporation  of  the  acetone  filtrates  leaves  an  amorphous 
substarce  with  the  same  nitrogen  content  as  the  crystalline  product  Mp.  of  the  crystalline  product  173-175*  (with¬ 
out  decomposition).  The  crystalline  product  did  not  depress  the  melting  point  of  the  product  of  condensation  of  the 
anhydroglucose  wlm  glycine  (prepared  via  the  barium  salt). 

(a)|)-7.8‘^(c  =2.29;  water). 

0.1750  g  substance-  6.20  ml  0.1  N  H1SO4.  0.1860  g  substance;  6.76  ml  0.1  N  HjSO^.  Found  <Jk: 

N  4,96  5.08  Calculated^:  N5.04. 

TTie  aqueous  solution  of  l,2-monoacetone-quinovosyl  -6-N glycine,  prepared  via  the  butyl  ester  of  glycine, 
has  an  acid  reaction  to  litmus,  which  points  to  the  presence  of  a  free  caiboxyl  group;  it  gradually  dissolves  barium 
carbonate. 

SUMMARY 

1.  The  literature  on  carbohydrate -protein  and  -peptide  complexes  is  briefly  surveyed  and  attention  is  drawn 
to  the  importance  of  these  substances  in  biology,  biochemistry  and  chemotherapy. 

2.  A  new  and  convenient  method  is  developed  for  the  preparation  of  a  group  of  sugar  derivatives  of  ammo 
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acldi  in  wWch  the  sixth  carbon  atom  of  a  monosc  U  linked  to  the  amino  add  through  the  nitrogen  atom  of  the 
amino  group.  The  method  Involves  condensation  of  monoace  tone  ^nhydroglucose  with  barium  salts  of  amlnr. 
acids. 

3.  Monoquinovosyl-6-  and  dlqulnovosyl-fl.S’  N-glyclnes  and  their  acetone  derivatives  have  been  prepared, 
at  well  as  the  butyl  ester  of  mcnoacetone-qulnovosyl*€>N-glycloe. 
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N-BROMO(CHLORO)-N'*ARYLSULFONYL  QUINONEDI1MINE8 

S.  I.  Burmistrova  and  L.  I.  Korocbkina 


Some  new  substituted  quinoneimines  were  desaibed  in  previous  papers,  namely:  quinonebromoimidet 
and  quinonedibromodiimides  (1,21  quinonedUododiimides  (31  N-arylsuifonyl  quinoneimines  (41  and  N-aryl- 
sulfidyl  quinoneimines  (51 


On  the  basis  of  the  reaction  of  formation  of  quinonebromoimides  and  quinonedibromodiimides  one  of 
us  has  described  a  sensitive  reaction  for  p-diamines,  p-aminophenols  and  alkyl  ethers  of  the  latter  (1,61 
Observations  on  the  quinonebromoinride  reaction  have  shown  that  N~acetyl(benzoyl)*l,4'*phenylenediamine 
(Formula  I)  does  not  undergo  the  quinonebronminide  reaction,  whereas  N-arylsiilfonyl-l,4-phenylenediainiite 
(Formula  n) 


RCONH 


NH  (0 


ArSO|NH 


(H) 


exhibits  an  intense  quinonebromoimne  reaction.  These  facts  prompted  us  to  study  the  action  of  bromine  and 
hypobroraitcs  on  substituted  p-pheiiylencdiamlnes.  It  transpired  that  an  alkaline  solution  or  hypobromite  acts 
on  N-acctyl-‘l,4-phenylenediamine  (Formula  I;  R  =  CH})  to  give  a  compound  in  the  form  of  small  yellow  needles. 
Attempts  to  isolate  the  reaction  product  in  the  pure  form  were  unsuccessful:  the  new  compound  rapidly  changes 
in  romposition. 

A  more  stable  product  is  formed,  however,  by  the  action  of  hypobromite  on  N-arylsalfonyl-l,4-phenylene* 
diamine.  Evidently  the  absence  of  the  quinonebrorroinide  reaction  with  N-acetyl  (benzoyl)-l,4*phenyleaediamine 
and  its  occurrence  with  NTarylsulfonyl-l,4-phenylcneuiamine,  as  well  as  the  great  stability  of  the  product  of 
reaction  with  hypobromite,  irdicate  that  the  oxidation  potential  of  N-acetyl  (benzoyl)-N'-bromo-l,4*beiizo- 
quinonediimine  (Formula  DO 


RSO^N< 


(IV) 


is  considerably  higher  than  that  of  N-aryl$ulfonyl-N’-bromo-l,4*ben20quiiK)nediImine  (Formula  IV). 

A  more  convenient  route  to  the  latter  compounds  was  found,  however,  in  the  action  of  bromine  on 
a  substituted  phenylenediamine  in  acetic  acid  solution,  followed  by  dilution  with  water.  In  this  paper  we 
describe  the  N-bromo-(chloro)-N’-arylsulfonyl-quinonediimine$  which  have  not  previously  been  described  in 
the  literature. 

The  synthesized  N-bromo(chloro)-N'-arylsulfonyl-l,4-quinonediimine$  are  crystalline  substances  with 
a  yellow  color.  They  differ  from  the  qiinone  dibrornodmides  and  quinonebromoimdes  in  being  fairly  stable 
in  the  pure  form  at  the  ordinary  temperature  and  in  possessing  sharp  melting  points.  They  decompose,  usually 
with  gas  evolution,  at  a  much  higher  temperature  than  their  melting  piolnt.  The  N-bromo(chloro)-N-arylsulf* 
onyl-quinonediimines,  which  we  investigated,  quantitatively  liberate  iodine  from  acidic  solutions  of  iodides 
according  to  the  equation: 

ArSO^N=(^^^  ^=NBr+4r  ^  ArSC^NH-^^^^NH|  ♦  2%  ♦  Br  . 

v'rrrr/ 

This  reaction  was  utilized  for  determination  of  the  oxidation  equivalent  of  these  compounds,  and, 
consequently,  for  their  identification. 

In  alkaline  solution  the  new  compounds  readUy  react  with  phenols  and  very  deep  blue  solutions  are 
obtained  from  which  dark-red  indophenols  separate  on  acidification.  A  qualitative  test  revealed  the  presence 
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of  lulfur  Indicates  that  the  structure  of  the  indophenols 


of  sulfur  In  these  Indophenols.  Quantlutlve  determination 
corresponds  to  formula  (V)  or  (VQ: 


ArSO|N 


The  prepared  compounds  are  set  forth  In  the  table, 


N-Chloro-N'-^>-toluenesul  fonyl  -1,4-benzoqulnonedlimlne 


N-Bromo-N*-p-toluenesulfonyl-l,4-benzoqulnonedllmine 


N^romo-N*  be  nzenesulfonyl  -1 ,4-benzoqu  liwned  iim  Ine 


N-Bromo-l^-p-toluene$ulfonyl-2,5-toluqulnonedllmlne 


N*-Bromo-N*-p-toluenesulfonyl-2-raethoxy-l,4-benzo< 
quinonedilmlne . 


EXPERIMENTAL 

The  N*arylsulfonated  derivatives  of  l,4-dlamlne8  required  for  synthesis  of  N-bromo(chloro)-N'-aryl' 
lulfonyl-quinonediimines  were  prepared  in  part  according  to  the  scheme: 


ArSOjCl  ♦  i^N-v 


ArSO,NH-y^/-NO| 


In  some  cases  it  proved  more  convenient  to  proceed  vu  the  N-acetyl“l,4-diamlne$  according  to  the  scheme 


ArSOjCl  ♦  HN-^^\-NHCOCH, - ►  ArSO,NH-^J^-NHCOCH, 


ArSOjNH 


Preparation  was  by  reduction  of  N*toluenesulfonyl-4-nitroanilide.  The  latter  was  synthesized  by  the 
action  of  toluenesulfochloride  on  4'nitroanilme  in  acid  solution.  55.2  g  (0.4  mole)  4>nitroaniline  was  suspended 
in  200  ml  xylene  and  42.4  g  calcined  sodium  carbonate  (0.4  mole  or  a  twofold  excess)  was  added.  The  mixture  was 
refluxed  in  a  flask  fitted  with  a  stirrer  and  placed  on  a  sand  bath,  p- Toluenesulfochloride  (76.2  g:  0.4  mole) 
was  added  in  portions  to  the  boiling  mixture.  The  completion  of  the  reaction  was  indicated  by  disappearance 
of  the  reaction  for  4*nitroaniline:  this  necessitated  addition  of  an  additional  excess  of  toluenesulfochloride; 
heating  was  continued  for  4  hours.  The  xylene  was  then  distilled  off  with  steam  and  the  residue  in  the  flask 
was  extracted  with  1  liter  3.5%  sodium  hydroxide  solution.  This  effected  separation  from  a  by  product,  dl-p» 
toluene$ulfonyl-4-nitroanilide.  which  is  insoluble  in  alkali.  The  alkali  solution,  after  filtration  from  Insoluble 
residue,  was  acidified  with  hydrochloric  acid;  the  precipitate  was  filtered,  washed  with  water  and  dried. 


After  weihln*  with  elcohol  the  pteclpluie  hid  ra.p.  les.a- (corrected,  like  >11  the  othet  melting  polntsd 
After  two  tecryiulllzttloiu  the  m.p.  w>t  193*.  The  literature  glvei  the  m.p.  of  tolueiKnilfonyl-4-nlttoanlllde 
at  191*  [7).  Yield  73,5  g,  or  63^  of  the  theoretical. 

The  nltro  product  was  reduced  with  hydrotulfite  in  an  alkaline  medium.  For  thii  purpose,  73.0  g  (0.25 
mole)  was  dissolved  in  1300  ml  3.ii<^  NaOH,  and  at  a  temperature  of  50-60*  hydroiulfite  was  added  until  the 
reaction  mast  was  decolorized.  The  filtered  and  cooled  solution  was  then  exactly  neutralized  with  hydro* 
chloric  acid.  The  precipitate  was  filtered  at  the  pump,  washed  with  water,  and  dried.  Yield  57.2  g  87.3<3fc 
of  the  theoretical.  M.p.  178.5*  (unrecrystallized). 

According  to  the  literature  [3]  N*P'toluenesulfon)i*l,4*phenylenediamine  melts  at  186*. 

N:^.h^o>9~N*‘l)~toluenesulfonyl-l,4-^nzpciulnonediimlne 


To  220  ml  0.2  N  hypochlorite  solution,  prepared  by  passing  chlorine  gat  into  sodium  hydroxide  solution, 
was  added  at  0*  (ice  cooling)  4  g  N-p*toluencsuIfonyl-l,4-phenylenedUmlne  in  25  ml  5^k  hydrochloric  acid. 

The  yellow  precipitate  was  filtered  and  dissolved  in  dichlo  oethane.  A  portion  of  the  dlchloioethanc  was  distilled 
off  in  vacuum  and  a  small  amount  of  ethyl  alcohol  was  added  to  the  residue.  Small  yellow  needles  crystallized 
out.  M.p.  (after  drying  in  a  vacuum  desiccator)  93.1*.  The  yellow  crystals  are  stable  in  ordinary  conditions  foe 
several  days.  Readily  soluble  in  ether,  benzene  and  dichlotoethene.  poorly  soluble  in  alcohol,  soluble  in  water. 
In  an  ammoniacal  medium  it  forms  a  deep*blue  color  with  pnenol  and  a  blue-violet  color  with  1-naphtboL 

The  product  was  analyzed  by  determination  of  the  oxidation  equivalent.  A  weighed  amount  of  the  quinoue* 
diimine  was  dissolved  in  alcohol,  an  excess  of  KI  solution  was  added  and  the  mixture  acidified  with  10^ 

The  separated  iodine  was  titrated  with  thiosulfate. 

0.0624  g  substance:  8.45  ml  0.1  N  Na{S}0|.  0.1000  g  substance:  13.63  ml  0.1  N  KajSiCV  Found:  equiv. 
73.94,  73.11.  4*  CuHuO|^^ClS.  Calculated:  equiv.  73.68.  0.1609  g  subsunce:  0.1243  g  BaS04  (CariuS). 

Calculated  J>  10.63.  CjjHupih^Cls.  Calculated  ‘Jt:  S  10.68. 

N-Bromo-N*-p*toluenesulfonyl-1.4-benzoquinonediimine 


H,C-^y-SO^N=^~^feNBr 


A  solution  of  N*toiuene$ulfonyl-l,4-phenylenediamine  in  glacial  acetic  acid  is  added  to  a  solution  of  bro* 
mine  in  glacial  acetic  acid,  cooled  to  0*.  3  moles  bromine  is  uken  for  each  mole  of  amine  (l.e.,  a  50^  excess). 
The  mixture  is  carefully  stirred  and  poured  into  cold  water.  The  precipitate  is  filtered  at  the  pump  and  washed 
with  ethyl  alcoho’,  prior  to  lecrystallizatiqn  from  dichloroethane  with  addition  of  some  gasoline.  Dark  yellow 
crystals,  m.p.  144.5*.  Less  stable  than  the  chloro  derivative.  Analysis  shows  presence  of  halogen  and  sulfur. 
Readily  soluble  in  benzene,  xylene  and  dichloroethane,  difficultly  soluble  in  a'cohol.  It  rapidly  decomposes 
in  alkaline  solutions.  In  an  ammoniacal  medium  it  gives  a  deep  blue  color  with  phenol  and  blue-violet  with 
l*naphthol.  It  was  analyzed  by  deteiminaiion  of  the  oxidation  equivalent  (as  detailed  above). 

0  0716  g  substance:  8.50  ml  0.1  N  Na,S,0,.  0.0820  g  substance:  9.72  ml  0.1  N.  Na,s,0,.  Found:  equiv. 
84.29,  84.47.  C|jHuO,l^BrS.  Calculated:  equiv.  84.80. 

N-A  ce  ty  1  -N’  -be  nze  ne  su  1  fonyl  -1 , 4^he  ny  le  ned  i  amine 


CHjCONlKJ^  ^NHSOjCgH, 


This  compound  is  used  for  the  preparation  of  N'benzene$ulfonyl-l,4*phetiylenediamine  by  the  secorxl 
scheme.  It  was  synthesized  by  treating  N-aceiyl*l,4-phenylenediamlne  with  benzenesulfochloride  in  preseiKe 
of  sodium  carbonate  in  suspension  in  xylene.  Reaction  temperature  70*.  After  distilling  off  the  xylene  and 
extracting  the  unreacted  N  acetyl-l.d-phenylenediamine  with  hot  water,  the  product  was  crystallized  from 
alcohol  and  melted  at  157*.  Pinkish  needles.  Yield  40  g  (74.4‘Jfcof  the  theoretical).  Not  described  in  the 
literature. 

0.1484  g  substance:  01197  g  BaS04  (Carius).  Found  S  11.04.  CuHuOjNiS.  Calculated  S  11.0 


N"B€nzene$ulfonyl-l,4"phenylencdl amine  was  prepared  ftom  the  acetyl  derivative  by  hydrolyiii  in  alkalir 
solution.  40  g  acetyl  derivative  (0.137  mole)  was  dissolved  in  150  ml  caustic  alkali  solution  conulnlrg  12  g 
(0.3  mole)  sodium  hydroxide. 

After  heating  for  6  hours  on  the  water  bath,  the  ekces%  alkali  was  precisely  neutralized  with  hydrochloric 
acid  until  the  reaction  to  litmus  neutral.  The  white  precipitate  was  recrystallized  from  alcohol.  The 
obtained  N-benzenesMlfonyl-l,4-pi»ei»ylenedl amine  has  m.p,  170.6*. 

The  literature  gives  m.p,  173*  (8).  Yield  20  g  or  58.5^  of  the  theoretical.  It  gives  the  quinonebromoimi* 
reaction,  procedure  is  described  in  [6]. 

N-Rromo-N*-benzenesalfonyl‘1.4-benzoqulnonediimine 

^NBr. 

The  preparation  was  similar  to  that  of  the  corresponding  toluenesulfonyl  derivative.  Crystallization  from 
d  Tchloroethane  with  addition  of  alcohol  gave  dark  yellow  crystals  with  m.p.  132.0*.  Sulfur  and  halogen  arc 
present.  Readily  soluble  in  benzene,  xylene  and  dichloroethane.  Gives  a  blue  color  with  phenol  in  an  ammo- 
niacal  medium  and  a  violet  one  with  l*naphthol.  It  quantitatively  liberates  iodine  from  acidifcd  solutions  of 
iodides.  Analysis  was  performed  by  determination  of  the  oxidation  equivalent  by  titrating  the  separated  iodine 
with  thiosulfate. 

.  0,0605  g  subsunce:  7.51  ml  0.1  N  Na}S|0|.  0.1032  g  substance:  3.05  ml  0.1  N  NaS|0|.  Found:  equiv. 

80.67,  79.33.  CuH/D^^^BrS.  Calculated:  equiv.  81.3.0.1600  g  substance:  0.1402  g  BaS04  (Carius).  pound 
*fi>:  S  9.56.  Ci|HP|I^BrS.  Calculated  S  9.81. 


5-Amino-2-p-tc>Iue  nesulfamlnoanisole 
HsC-^~^-SOtNH-^~~^Nl^ 


Prepared  by  reduction  of  5~mtro*2-p-toluenesulfaminoapisoie  with  Iiydrosulfite  in  an  alkaline  medium  in  a 
similar  marmer  to  the  piepar^on  of  N-p-toluenesulfonyl-l,4"phenylenediamine.  Reaction  temperature  50-70*. 
A  single  crystallization  gives  colorless  needles,  m.p.  166*,  Repeated  crystallization  raises  the  m.p,  to  172.5*.. 

0.3000  g  substance:  20.55  ml  0.1  N  HCl  (Kjeldahl).  Found  <5b:  N  9.60.  Ci4H,^,h^S.  Calculated 
N  9.58. 

In  addition  titration  was  performed  with  sodium  nitrite  (using  the  preparation  with  m.p.  166*). 

0.3354  g  substance:  11.6  ml  0.1  N  NaNOj,  0.4287  g  substance:  15.0  niO.l  N  NaNp|.  Found:  equiv. 
286.3,  286,2,  C*4H,PjN|S,  Calculated ;  equiv,  292.3. 


N*  -6romo-N*-  P-to^'jene«ulfonyl-2-methoxy-l,47-benzoquinonediimine 
.H,C^  ^NBr 


Prepared  by  the  action  of  bromine  on  the  preceding  compound  in  solution  in  acetic  acid.  Ctysrallization 
from  dichloroethane  gave  a  yellow  precipiute  with  m.p.  83.5*.  It  decomposes  at  135*  with  charring  and  evolu¬ 
tion  of  a  red  vapor.  Readily  soluble  in  organic  solvents.  Gives  a  blue  (azure)  color  with  phenol  in  an  ammoni- 
acal  medium,  with  1-naphthol  the  color  is  dark  blue.  The  compound  was  analyzed  by  determination  of  the 
oxidation  equivalent. 

0,1220  g  substance:  13.35  ml  0,1  N  Nat^Oj.  0.1182  g  substance:  12.82  ml  0.1  N.  NajSjO).  Found: 
equiv.  92.17,  91.58.  -J-  C^4HuO,^^BrS.  Calculated;  equiv.  92.28.  0,1602  g  substance;  0.0966  g  BaS04 (Csrius). 
Found  S  8.55.  Cj^H^jOjI^BrS*  Calculated  <%:  S.  8.69. 

2  Acetamido-5-p-toluenesulfaminotoluene 

/  ■  \  ‘ 


SOjNH 


NHCOCHi 
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.cet^  pp^uct  n.«».nr  for  prep««k,n  of  the  2-.n,lno^in,.«,i«„.„if.™tootoluo„e  w«  p«p««l 
according  to  the  following  scheme: 


CH, 


The  procedure  differed  from  that  m  the  case  of  N-acetyl-N'-beiuenesulfonyl-l,4-piienylenediamine  in  that 
the  reaction  was  performed  m  aqueous  solution.  10.6  g  sodium  carbonate  (0.1  mole)  was  dusolved  in  200  ml 
water  and  addition  was  made  to  the  solution  of  16.52  g  (0.1  mole)  5-amino-2*acetylaminotoluei>e.  The  mixture 
was  heated  to  70  in  a  flask  on  a  water  bath  fitted  with  a  stirrer  and  a  reflux  condenser.  With  energetic  stirring 
at  the  specified  temperature  addition  was  made  in  small  portions  of  19  g  (0.1  mole)  p*toluenesulfochloride. 
After  4  hours  the  precipitate  was  filtered,  washed  with  water  and  recrysullized  from  alcohol.  Light  pink  need- 
lets,  m.p.  166*.  Not  described  in  the  literature. 

0.1616  g  substance:  0.1228  g  BaSO^  (Carlas),  found  fjk  S  10.44.  Calculated  S  10.07. 

It  does  not  give  the  quinonebronr oinids  reaction.  It  is  mote  difficultly  soluble  in  organic  solvents  man  the 
corresponding  amine.  Hydrolysis  of  the  acetyl  derivative  with  caustic  alkali  gives  the  corresponding  amine. 
After  crystallization  from  alcohol  the  amine  has  m.p.  127.5*.  It  gives  the  quinonebroiroinxde  leactlon.  It  is 
not  described  in  the  literature. 

N*-Bromo-N^  p-toluenesulfonYl-2.5»toluquinonediimine 


I 


CH, 

Prepared  by  the  action  of  bromine  on  5-amino'2-p*iOiaenesulfamidotoluene.  After  crystallization  from 
dichlorocthane  (precipitation  with  alcohol)  it  forms  a  light  yellow  precipitate.  M.  p.  47*.  Decomposes  vio-- 
lently  at  170*.  It  is  readily  soluble  in  dichloroetltane  and  benzene,  less  readily  soluble  in  alcohol,  insoluble 
in  water.  With  phenol  in  an  ammoniacal  medium  and  wuh  1-naphthol  it  forms  a  deep  blue  color.  It  liberates 
iodine  from  acidified  iodide  solutions. 

Analysis  was  effected  by  determination  of  the  oxidation  equivalent  and  by  Carius  determination  of  sulfur. 


0.0454  g  substance:  5.2  ml  0  1  N  Na|S|0|  0.1236  g  substance:  14.12  ml  0.1  N  NajSjO,.  Found:  equiv. 

87  58.  87.56.  -j- Calculated,  equiv  88.06.  0.1600  g  substance:  0.1042  g  BaSO^  (Carius). 

Found S  8.95.  Ci4HijO,N,BrS.  Calculated S  9.11. 

Stu d y^f  the  i-xlophenol  reaction  of  N -bromo-N*-benze nesulfonyl-l  4-be nzoquinonediimine 

There  are  indications  in  the  literature  that  joint  oxidation  with  hypochlorite  of  N-p-toluenesulfonyl-1,4- 
phenylenediamme  and  phenols  leads  to  formation  of  arylsulfonated  irdophenols  (9).  We  have  attempted  to 
prepare  a  similar  compound  by  reaction  of  N'bromO'N’-benzenesulfonyl-l,4-benzoquinonediimlne  with  phenoL 

The  proposed  reaction  should  proceed  according  to  the  scheme: 

/  ^’^-SO,N=^  VnBt  ♦  ^ 

The  reaction  was  conducted  in  an  aqueous-alcoholic  ammonia  solution  and  the  reaction  mixture  was 
treated  with  benzene;  the  benzeiie  layer  was  removed  and  contained  the  unreacted  phenol  and  quinonediimine: 
the  indophenol  was  extracted  from  the  aqueous  layer  with  butyl  alcohol.  Evaporation  of  the  butyl  alcohol  at 
low  temperature  left  a  resinous  material  fromwhich  the  indophenol  was  extracted  with  dilute  ammonia 
solution.  The  filtered  solution  was  acidified  with  acetic  acid.  The  resultant  dark  floes  acquired  a  deep  violet 
color  after  drying  and  melted  unsharply  with  preliminary  sinTering  at  188  .  All  attempis  to  crystallize  the 
material  f:om  a  solvent  were  unsuccessful,  so  that  analysis  was  performed  on  the  crude  product. 
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0.1587  g  tulMUnce:  0.1086  g  BaS04  (Car  iu$).  Found  S  9.40.  CuHi^h^S.  Calculated^:  S  9.41. 

Consequently  it  would  appear  that  the  bromine  in  N4>romo-N'-benzenesulfonyl'1.4*benzoquinonediimine 
reacts  with  phenols  tc  form  an  arylsulfonated  indophenol. 

SUMMARY 

1.  Four  N4>romo-N'-arysulfonylquinonedlimines  and  one  N*ch]oro*N*'arylsulfonylquinonediimine  have 
been  prepared  for  the  first  time  and  their  properties  have  been  described. 

2.  The  prepared  compounds  quantitatively  liberate  iodine  from  acid  solutions  of  iodides,  and  the  oxidation 
equivalent  is  found  to  be  one-<iuarter  of  the  molecular  weight. 

3.  The  reaction  of  N-bromo-N*-benzenesulfor.yl-l,1-ben7oqumonediimlne  with  phenol  in  an  ammoniacal 
medium  is  described:  it  forms  an  indophenol  conuining  sulfur. 
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ELECTROLYTIC  REDUCTION  OF  HALOAI.K YL-SUBSTITUTED 
AROMATIC  NITRO  COMPOUNDS 
V.  M.  Berezovsky  and  V.  S.  Varkov 


The  utilization  of  noble  metals  as  catalysts  in  the  reduction  of  haloalkyl-substituted  aromatic  nitro  com¬ 
pounds  perm*  the  reaction  to  be  earned  out  in  a  medium  of  inorganic  or  organic  acid  or  in  a  neutral  medium,  l,e,, 
in  conditions  favoring  the  formation  of  primary  amines  and  replacement  of  an  atom  of  chlorine  by  hydrogen.  Cata- 
l>sts  of  nonnoble  metals  must  be  used  in  an  alkaline  or  neutral  medium.  One  of  us  has  shown  [1]  that  the  process  of 
alkaline  reduction  of  2*chlorO'methyl-4“nitrotoluene  in  specially  selected,  narrowly  maintained,  reaction  conditions 
can  be  directed  in  such  a  manner  that  the  main  reaction  product  is  a  primary  amine:  during  the  reaction  the  chlorine 
atom  b  eliminated.  By  this  method  the  hydrogenation  of  2-chlotomethyM-nitrotoluene  in  alcoholic  alkaline  medium 
with  a  skeletal  Nxatalyst  gives  o-d-otylidine  in  60-7OJ5>  yield.  This  reaction  b  accompanied,  however,  by  other  re¬ 
actions  which  are  characteristic  of  alkaline  reduction  and  which  become  the  predominant  reactions  if  the  conditions 
deviate  from  those  selected;  in  such  cases  azoxy  compounds  and  other  products  of  alkaline  reduction  are  formed. 

More  consutent  reductions  to  the  primary  amine  were  only  obtained  by  using  high  dilutions  (60- to  80-fold)  of  the 
suiting  subsunce. 

With  the  objective  of  establishing  more  favorable  conditions  for  formation  of  the  primary  amine  and  for  elim¬ 
ination  of  the  chlorine  atom  from  the  aliphatic  substituent,  we  employed  electrolytic  processes  which  are  widely 
used  for  effecting  a  variety  of  chemical  transformations  of  organic  compounds,  e,g.,  the  stepwise  reduction  of  nitro 
compounds,  various  oxidation  reactions,  introduction  of  halogens  into  molecules,  and  even  for  nitrations  [2],  etc. 

During  the  cathodic  process  the  aromatic  nitro  compound  is  initially  reduced  to  the  dihydroxamine  (3) 
which  is  then  dehydrogeruted  to  the  nitiosocompound;  this  reaction  takes  place  at  high  velocity.  In  the  next  suge 
of  the  process  the  nitroso  compound  is  readily  reduced  to  arylhvdroxylamine.  In  an  alkaline  or  neutral  medium 
the  latter  compound  undergoes  further  reduction  very  slowly  chemical  condensation  processes  predomirute  in 
the  first  stage.  Reduction  of  atylhydroxylamines  in  an  acid  medium  proceeds  at  an  adequately  high  velocity  (al¬ 
though  still  more  slowly  than  its  rate  of  formation  from  the  nitroso  compound),  thereby  avoiding  chemical  condens- 
ition  processes,  and  leads  to  formation  of  primary  amine  in  .ligh  yield  when  a  suitable  metal  is  selected  for  the 
tathode.  The  acidic  reduction  of  aromatic  nitro  compounds  may  be  represented  by  the  following  scheme: 

r  / 

RN  RN  RN  =  0-»  RN:  RhJl^ 

^'o  L  oa  I  OH 

no  th  NHg 

The  halogen  of  the  nucleus  is  not  substituted  by  hydrogen  by  the  electtochemical  route  [4],  and  only  one 
iitro  group  is  reduced  in  chloronitio  compounds,  e.g.,  fiom  p-chloionipobenzene  we  obtain  p-chloroaniline  and 
rom  chlorodinitrobenzene  we  obtain  chloronitoanilirie.  These  facts  demonstrate  the  negative  influeiKe  of  the 
lalogen  of  the  aromatic  nucleus  on  the  reduction  of  the  nitro  gioup  of  this  ring.  In  certain  conditions  of  electro- 
ytic  reduction  the  reduction  of  the  nitro  group  is  accompanied  by  replacement  of  a  chlorine  atom,  not  by  hydrogen 
ut  by  hydroxyl;  for  instance,  from  p-chloronitiobenzene  we  get  p  aminophenol.  Reduction  of  aliphatic  nitro 
ompounds  proceeds  with  difficulty  by  the  electrolytic  route  with  formation  of  a  mixture  of  products  with  a  lower 
egrec  of  chlorination,  while  methyl  chloride  practically  does  not  split  off  halogen  [4],  Carbon  tetrachloride  is  not 
iduced  at  a  platinum  cathode,  while  at  a  copper  and  lead  cathode  reduction  takes  place  only  with  formation  of 
hloroform.  It  is  therefore  clear  that  it  is  much  more  difficult  to  reduce  the  chlorine  atom  than  it  is  to  reduce  the 
itro  group,  all  the  mote  since  the  results  of  electrolysis  depend  in  high  degree  on  the  magnitude  of  the  over- 
oltage,  the  coiKentration  of  the  substance  which  is  being  reduced  and  other  experimental  conditions. 

In  this  investigation  we  have  studied  the  effect  of  various  factors  (composition  of  the  medium,  the  material 
f  the  cathode,  the  temperature,  the  cuiient  density,  etc.)  on  the  formation  and  yield  of  o-4-xylidine  by  electro- 


lytic  reduction  of  lKhloroniethyl*4’iiltrotoluene,  In  this  process  it  It  possible  to  employ  es  the  catholyte  solutions 
of  the  substance  In  aqueous  ethyl  alcohol  [5]  and  acetic  acid  [8],  We  have  shown,  however,  that  there  are  consider 
ably  greater  advantages  in  utilizing  2"chlotomethyl"4'flitrotoluene  in  the  form  of  a  suspension, 

A  small  amount  of  ammonia  is  found  to  be  evolved  when  the  xylidine  is  distilled  off  from  the  neutralized 
electrolytic  solutions.  This  may  be  accounted  for  on  the  basis  of  the  following  mechanism  of  the  side  reaction  pro- 
'  'ceding  during  acidic  reduction.  During  the  second  part  of  the  cathodic  process,  when  the  arylhydroxylamine  has 
already  beeT  formed,  the  latter  is  rearranged  under  the  influence  of  sulfuric  acid  to  form  a  quinolimine  containing 
a  quinoid  nitro  group;  this  imino  group  is  hydrolyzed  by  acid  with  formation  of  am  ..onia,  and  at  the  same  time  is 
ieplaccd  by  oxygen: 


CH,C1 


NHOH 


fY  !S2L. 

NH 


OH  CH| 


CF^a 


The  fmal  product  of  this  rearrangement  and  hydrolysis  is  quinol. .  The  proposed  reaction  mechanism  is  con$is*| 
lent  with  known  data  for  p^olylhydroxylamine  p].  The  observed  decrease  in  yield  of  primary  amine  with  rising 
current  density,  which  is  associated  with  electric  and  thermal  phenomena,  may  also  be  governed  by  the  intensifica¬ 
tion  of  this  side  reaction. 

The  velocity  of  reduction  of  the  nitro  group,  at  shown  In  numerous  examples,  is  higher  than  the  velocity 
of  chlorine  removal;  hence  the  velocity  of  formation  of  the  arylhydroxylamine  must  be  higher  than  that  of  substitu¬ 
tion  of  the  chlorine  atom  by  hydrogen,  Consequoily,  during  the  fust  phase  of  the  cathodic  process  2-chloromethyl-4- 
tolylhydroxylamine  must  be  formed;  if  its  further  reduction  is  retarded,  then  it  undergoes  reanangement  to  the  cor¬ 
responding  chloro-substituted  quinolimlne. 

In  the  experimental  conditions  the  formation  of  the  primary  amine  does  not  i^oceed  strictly  in  the  sequence 
represented  by  the  above  formulas.  In  order  to  clarify  the  course  of  the  process  we  performed  analyses  of  the  electro¬ 
lyte  for  its  content  of  pnmaty  and  secondary  amino  groups  and  obtained  the  results  ploned  in  the  diagram. 

Up  to  the  maxima  the  plots  in  the  diagram  correspond  to  both  NHOH-  and  Nl^  groups.  The  inflection  point 
conesponds  to  the  completion  of  formation  of  hydroxylamlne,  and  the  remainder  of  the  plot  corresponds  to  the  trans¬ 
formation  of-NHOH-into-NH  and  is  naturally  a  straight  line.  The  inflection  point  lies  between  11,5  and  13.5  A/ 

hours;  after  this  period  analysis  revesls  the  formation  of  0.0460*0.0506  g-equiv, 
of  compound  containing  NHCff-  and  Nl^- groups  against  the  calculated  amount 
of  0.0539  g-cqulv.,  i.e.,  85-93^  In  these  conditions,  however,  the  yield  In 
the  form  of  xylidine  is  only  30.1<5t  of  the  theoretical.  Consequently  the  re¬ 
action  of  formation  of  the  hydroxylamlne  is  accompanied  by  its  further  reduc¬ 
tion,  At  the  same  time  a  portion  of  the  hydroxylamlne  undergoes  the  above- 
mentioned  rearrangement.  The  absence  of  a  second  inflection  point  ia  the 
ex?erimer;tal  conditions  shows  that  the  first  stage  of  the  reaction— formation  of 
the  nitioso  compound  -  also  proceeds  side  by  side  with  the  reduction  of  the  NO 
group  to  NHOH.and  not  strictly  subsequent  to  it.  Hence  the  process  of  electro¬ 
lytic  reduction  of  the  nitro  group  of  2-chlotomethyl-4-nitrotoluene  at  a  lead 
cathode  simultaneously  involves  the  three  stages  of  the  reaction  of. acidic 
reduction. 


,  The  character  of  electrolytic  reduction  of  organic  compounds  is  pro¬ 
foundly  influenced  by  the  overvoltage.  Reduction  of  aromatic  nitro  com¬ 
pounds  at  a  platinum  or  nickel  cathode  readily  proceeds  to  the  hydroxylamlne 
stage.  The  second  stage  of  acid  reduction  -  to  the  amine  -  proceeds  with 
difficulty  at  these  cathodes.  Reduction  of  2-chloroniethyl-4-nitrotoluene  to 
xylidine  also  proceeds  unsatisfactorily  at  cathodes,  such  as  Ni,  with  a  low 
overvoltage,  whereas  good  results  are  obtained  at  cathodes  with  a  high 
overvoltage  (Zn,Pb).  However,  unlike  aromatic  nitro  compounds  not  con¬ 
taining  haloalkyl  substituents,  2-c hloromethyl-4-nitiotoluene  reduces  unsatisfactorily  to  xylidine  at  certain  cathodes 
with  a  high  (Hg)and  a  medium  (Cu)  overvoltage,  whilejhe  results  are  still  less  satisfactory  at  certain  cathodes  with 
a  high  overvoltage  (Sn).  We  know  that  tin  deposited  in  a  finely  divided  state  on  the  surface  of  a  cathode  of  another 


of  amino  and  hydioxylamino 
derivatives  on  the  applied 
c  urrent. 
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metal  increases  the  yield  of  primary  aromatic  amines.  This  effect,  as  we  have  shown,  is  not  manifested  in  the  case 
of  halogen-substituted  aromatic  nitio  compounds  when  tin  is  deposited  on  a  lead  cathode.  Replacement  of  ethyl 
alcohol  by  methyl  alcohol  leads  to  a  senos  drop  in  yield  also  at  cathodes  with  a  high  overvoltage  (Zn  and.  in  partic¬ 
ular,  rb),  which  Illustrates  the  great  influence  of  the  medium  on  the  electrolytic  process. 

Hence  the  character  of  the  electrolytic  reduction  of  halogen-substituted  aromatic  nitro  compounds  depends 
not  only  on  the  overvoltage  which  is  associated  with  supplementary  polarization  of  the  cathode,  but  also  on  the 
catalytic  action  of  the  metal  cathode.  The  most  active  catalyst  is  zinc;  leads  exhibit  a  less  intense  catalytic 
action;  tin  is  completely  devoid  of  catalytic  activity. 


EXPERIMENTAL 

Elect*olytic  reduction  of  2^c:hlotomethlVl-4‘^llt^ot'oluene.  The  apparatus  consisted  of  a  2'liter  glass  beaker 
containing  a  porous  glass  diaphiagm  84  mm  in  diameter  and  180  mm  high  with  a  glass  thickness  of  4  mm.  In  the 
anodic  space  between  the  porous  and  the  glass  beakers  a  cylindrical  lead  anode  was  located.  The  anolyte  was  10<5fc 
sulfuric  acid.  In  the  cathode  space  inside  the  poious  beaker  was  located  a  cathode  made  of  various  metals  in  the 
form  of  a  perfoiated  cylinder  or  spiral  tube,  a  glass  coil  for  cooling,  a  glass  mechanical  stinei  and  a  thermcmciei. 

The  catholyte  was  a  suspension  of  2'chloromethyl-4‘nitrotoluene  in  an  aqueous  or  aqueous-alcoholic  medium  (1:30). 
containing  6.3  g  sulfuric  acid  in  100  ml  (1.3  N)  or  a  suspension  in  aqueous  acetic  acid.  The  starting  material  for  the 
investigation  was  2-chloromethyl-4-nitrotoluene  with  the  following  characteristics; 

M.p.  52-55*;  Cl  ( hydrolyzable)  19.42<73,  Cl  (inorganic)  0.82'?t:  NO,  21.66<5t.  water  1.0<3l).  CjHjP^NCl.  Calculated 
Cl  (hydrolyzable)  IS.il;  content  of  2'chloromethyl'4-nitrotoluene,<5(»:  from  Cl  content  101.4:  from  NO^  content 
87.1. 

The  amount  of  2,6-bis  chloromethyl-4*nitrotoluene  in  crude  2*chloromethyl-4- nitrotoluene  was  determined  by 
the  following  method:  SO  g  pulverized  2’chlommethyl-4'nittotoluene  was  dissolved  in  200  ml  methyl  alcohol  at  35- 
40*,  the  solution  was  filtered  from  turbidity  and  left  till  the  next  day  at  room  temperature.  6.1  g  crystals  came  down 
with  m.p.  139-144“:  these  were  fairly  pure  2,6  bis-chloromethyMTatrotoluene,  ‘Jt  content  of  2,6-bis-cbloromethyl'4- 
nitrotoluene;  from  C)  content  94.4:  from  NO|  content  98.1. 

It  therefore  follows  that  the  starting  material  contains  87.6<5t  2<hloromethyl-4-nitrotoluene.  All  the  yields 
calculated  below  were  based  on  this  assumption. 

Electrolytic  reducticn  proceeds  according  to  the  equation: 

CIC1^C7H*1'}0,  ♦  8H^  4  8e  -^CtH,Nl^  ♦  21^0  ♦  Ha. 

and  consequently  the  reduction  oi  1  mole  2-chloromethyl-4-nitiotoluene  will  consume  25.86  X  8  ^=^215  A/ hours. 

With  progressive  electrolytic  reduction  in  the  alcoholic  electrolyte,  the  suspension  of  2'chloromethyl-4- 
I  nitrotoluene  gradually  went  into  solution,  At  the  conclusion  of  the  electrolysis  the  nearly  transparent  solution  was 
filtered  (the  lesidue  was  mainly  the  more  difficultly  soluble  2,6*bis,chloromethyl-4'nitrotoluene).  the  solvent  was 
distilled  off,  toward  the  end  with  steam.  The  aqueous  residue  was  treated  with  10*70  sodium  hydroxide  until  a  per¬ 
manent  red  color  was  imparted  to  phenol  phthalein  paper,  after  which  the  separated  O'4-xylldine  was  distilled  off 
with  steam,  Ammonia  was  detected  during  the  initial  distillation.  The  aqueous  distillate  was  cooled,  and  after 
separation  of  the  crystalline  product  the  liquor  was  again  steam"distilled,  o-4-Xylidine  was  obtained  In  the  form  of 
faint  yellow  crystals  analyzing  (nitrite  method)  at  95.5,  96.7,  94.1,  95.5,  98,l*7»or  an  average  of  96*^.  After  puri¬ 
fication  by  vacuum  distillation,  the  pioduct  melted  at  48  49*. 

Found  *51):  N  11.68  (Kjeldahl).C,HiiN.  Calculated  <7):  N  11.57. 

Influence  of  the  medium  (solvent)  on  the  electrolytic  leduction.  The  effect  of  various  solvents  on  the 
iylidine  yield  was  studied  in  a  senes  of  reductions  of  2  chlotomethyl'4 -nitrotoluene  at  a  Pb  cathode  with  a  current 
lensity  of  D  2  5A/  dm*,  a  temperature  of  28  30*,  a  current  consumption  of  25  A^iours  (110*^  excess  over  the 
heoretical),  electrolysis  was  effected  at  a  voltage  of  5-6  V.  10  g  of  2-chlotomethyM-nitrotoluene  was  used  in 
pach  experiment.  The  suspension  of  2-chloromeihyl-4-nitrotoluene  did  not  go  into  solution  completely  when 
ising  a  catholyte  of  methyl  alcohol,  acetic  acid  or  water.  The  experimental  results  are  presented  in  Table  1. 

The  fall  in  yield  of  xylidine  in  dilute  alcohol  solutions  and  even  more  so  In  water  is  the  natural 
onsequence  of  the  decreasing  solubility  of  2*chloromethyl-4*nitrotoluene.  Electrolytic  reduction  «.so  takes 
lace  in  acetic  acid  but  the  xylidine  yield  is  quite  unsatisfactory.  The  drop  in  yield  when  using  methyl  alcohol 
noteworthy. 
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TABLE  1 


TABLE  2 


TABLE  3 


Expt. 

No. 

Solvent 

Yield  of 
xylidine 

■  g>l-. 

60 

75^  ethyl  alcohol 

72.0 

63 

ethyl  alcohol 

21.8 

39 

75^  methyl  alcohol 

46.9 

73  , 

,  757«  acetic  acid 

26.8 

62  1 

1  Water 

5.0 

Expt, 

No. 

Temp. 

Yield  of 
xylidine 
(<?.) 

4 

10* 

8.4 

56 

21 

68.6 

60 

30 

72.0  ‘ 

85 

30 

72.0 

47 

38 

72.0 

7 

42 

67.0 

7* 

45 

58.6 

Expt. 

No. 

D.A/tini^ 

Yield  of  Expt. 
xylidine  No. 

jaa _ 

D.A/diu’ 

Yield  < 
xylidin 

21 

1.0 

62.3 

54 

2.S 

69.6 

28 

2.0 

67.0 

46 

4.5 

72.0 

32 

2.5 

70.4 

69 

6.0 

64.0 

60 

2.5 

72.0 

25 

8.0 

57.0 

85 

2.5 

72.0 

75 

1  10  0 

45.2 

Effect  of  temperature.  TTie  temperature  effect  was  studied  at  between  10  and  45  .  Experiments  were 
performed  in  an  electrolyzer  with  a  Pb  cathode  in  75*^  ethyl  alcohol  in  presence  of  sulfuric  acid:  D  =  2.5  A/ dm*; 
A'hours  25-30:  weight  of  surting  substance  10  g. 

The  results  (Table  2)  show  that  within  the  temperature  range  of  30  to  40*  a  change  of  temperature  does 
not  affect  the  y<eld.  Higher  temperatuies  reduce  the  yields  and  lower  temperatures  do  so  even  more  markedly. 


TABLE  4 


A -hours _ • 

No.  of  expt. 

Yield  of  xylidine  (^) 
Current  yield 


31.7  45.3  72.0 
29.3  32.0  30.0 


TABLE  5 


Expt.l  A/ dm 
No.  I 


Cylidne  yield  of  theory)  in  dependence  on  the 


Zn 

Pb 

Sn  Hg 

Cu  I  Ni/ 

on  Pb 

_ ^ . 

The  effect  of 


Current  density  The  effect  of  85  j  2.5  |  “  72.0  “  —  “  i  ““  “* 

change  of  current  density  on  the  reduction  92  2.5  1  •"  70.4  “  —  “  i  “  "" 

of  2-chloromethyl-4-nitrotoluene  was  32  2.5  **  70.4  —  *“  \  ”* 

studied  over  the  range  of  1  to  8  A/ dm*.  57  2.5  “•  —  62.8  “  “ 

The  same  apparatus  as  before  was  used  58  2.5  “  *"  58.9  “•  “  |  “ 

In  the  same  conditions  except  for  the  15  2.5  —  —  —  52.0  “*  j  “*  ““ 

variation  of  cunent  density  (Table  3).  16  2.5  —  —  —  52.5  “  I  ”  ““ 

r  ^  u,  «  v  V  88  i  2.5  -  -  -  -  45.2|  -  - 

We  see  from  Table  3  that  the  87  1 6  0  -  -  -  -  20  1  - 

yield  is  not  affected  by  a  change  m  ..  I  * 

.  ..  2.5  *  *  *  ^  **  *  *  10.0 

current  density  between  2  and  4  5  A/dm  .  • 

A  marked  drop  in  yield  follows  the 

raising  of  the  current  density  to  8  A /dm*  or  its  fall  to  1  A/ dm*. 

Current  yield  In  out  Investigation  of  the  effect  of  various  factors  on  the  electrolytic  reduction  of 
2*chloromethyl-4-ritTOtoluene  we  calculated  the  yield  on  the  basis  of  the  amount  of  substance  formed  with  an 
amount  of  current  sufficient  for  definite  completion  of  the  process.  It  is  also  of  interest  to  determine  the 
cunent  yield  of  xylidine  (Y7o),  as  defined  by  the  formula: 

.  M-  100 
~0  562  Q  • 

where_M  is  the  weight  of  xylidine  formed:  0.562  is  the  tfieorctical  amount  of  xylidine  formed  under  the  action 
of  1  A/ hour;  2. is  the  anxjunt  of  consumed  electricity  (in  A-hours). 

Experiments  were  performed  in  75‘7»  ethyl  alcohol  with  the  usual  ratios  of  reagents  at  30*  (Table  4). 

Complete  reduction  of  2-chloromethyl-4-nitrotoluene  theoretically  requires  11.5  A-hours. 

Deperaience  of  the  electrolytic  reduction  on  the  cathode  material.  Cathodes  of  Hg.  Pb,  Zn,  Sn,  Cu 
and  Ni  were  employed.  Experiments  were  performed  in  Iffijo  ethyl  alcohol  in  presence  of  sulfuric  acid  at  28-30*; 
weight  of  starting  material  10  g.  Results  are  presented  in  Table  5. 
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TABLE  6 


TABLE  7 


Xylldlne  yield  0>of  theory)  In 
dependence  on  the  cathode  material 
(In  methyl  alcohol) 


7^  Content 


Xylldlne 
yield  (<%) 


The  scriei  of  metals -Sn,  Nl,  Cu,  Hs.  Pb, 
Zn  -“arranged  In  order  of  ir*creasing  yield  of 
xylldlne  has  a  different  order  from  that  of  the 
metals  in  the  overvoltage  series.  Slightly  dlfferertt 
results  arc  obtained  when  the  electrolysis  is 
carried  out  in  methyl  alcohol.  The  order  of  the 
metals,  when  arranged  in  accordance  with  increasing 
yields  of  xylldlne,  remams  the  same,  but  the  yield 
is  strongly  reduced  at  the  zmc  and,  in  particular, 
at  the  lead  cathode  (Table  6). 

Effect  of  concentration  of  substance  cn 

yield, 


Current  passed, 


NHOH  and  Ni^ 
content  of  solutioi 
calculated  on  the 
xylldme  (in 


Toul  content 
of  NHOH  and 
Nl%  groups 
calculated  on 
xylldlne  (in  g1 


A-hours  from 
start  of  cxpt. 


Several  experimi..its  were  performed  at  a 
r  2  5  0  58  i  88  cathode  in  ethyl  alcohol  In  presence  of 

S.O  I  1.02  3.44  Julforlc  .cld  (Table  1). 

I  7.5  '  1.32  4.05  When  the  catbolyte  contains  3.3^.6^ 

j  I  10.0  1.60  4.96  surfing  material,  the  yield  of  xylidine  Is  seen 

e  1  12.5  1.83  5.58  to  be  almost  consunt. 

^  1 1  15.0  1.86  5.58  n  .  r  .  .... 

I '  Formation  of  primary  and  secondary 

*  17,5  1,86  S«48  «  ,  •  .  ^ 

j  ^  j  g  gg  amino  groups  during  the  reaction.  Tlie  proportioiu 

-{  '  ’  of  primary  and  secondary  amino  groups  formed 

'  5.0  1.08  3.34  during  electrolysu  were  determined  by  the 

9.0  1.47  4.48  following  procedure:  5  ml  electrolyte  was 

16  ^  13.0  1.77  5.31  filtered  from  the  precipiute  and  titrated  in 

17.5  1,83  5.39  a  strongly  acid  medium  (while  cooling)  with 

[  21.5  1.80  5.22  0.05  N  sodium  nitrite  solution.  Tne  analytical 

^  results  of  three  experiments  are  deulled  In 

;  Table  8  and  ploned  In  the  diagram.  10  g 

8  <  I  surting  material  was  used  in  each  experiment. 

10.0  .  1.25  3.78 

I  n  5  j  1  40  4  20  In  conclusion  we  express  our  gratitude 

*  to  V.  A,  Devyatina  and  L.  N.  Kravchina  for 

performing  the  analyses. 

SUMMARY 

1.  A  study  was  made  of  the  dependence  of  the  electrolytic  reduction  of  halo*alkyl -substituted  aromatic 
nitro  compounds  on  the  cathode  materialj  the  medium,  the  temperature,  the  current  density  and  other  factors. 

2.  It  was  shown  that  the  electrolytic  reduction  of  2-chloromethyl-4-nitrotoluenc  proceeds  with  Increasing 
yields  of  the  xylidine  in  the  following  order  of  cathode  materials:  Sn,  Ni,Cu,  Hg,  Pb,  Za, 

3.  The  difference  between  this  order  and  the  order  of  the  metals  in  the  overvoluge  series  is  explained  by 
the  catalytic  action  of  the  cathode  material. 

4.  The  most  active  catalyst  for  the  electrolytic  reduction  of  haloalkyl -substituted  aromatic  nitro  compounds 
is  zinc;  next  in  order  Is  lead:  complete  absence  of  caulytlc  action  is  found  with  tin. 
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j  THE  MECHANISM  OF  THE  REACTION  OF  CHLOROSULFONIC  ACID  WITH  SOME 

AROMATIC  COMPOUNDS 

B.  Yu.  Yatnlttky 


The  problem  of  the  mechanism  of  reaction  of  chlorosulfonic  acid  with  aromatic  compounds  had  not  been 
closely  studied  up  to  now  and  has  remained  controversial.  Thus  in  a  monograph  on  the  sulfonation  of  organic 
compounds.  L  S.  ioffe  fl]  bluntly  states  that  *...up  to  now  the  course  of  the  reaction  of  chlorosulfonic  acid  . 
with  sulfonatable  substances  Is  unclarified**.  The  theory  is  extremely  widespread  that  the  first  products  of  the 
reaction  are  sulfochlorides: 

ArH  ♦  ClSOjH  - -  ArSO^a  ♦  1^0.  (1) 

The  released  wat*r  decomposes  the  excess  of  chlorosulfonic  acid  into  hydrogen  chloride  and  sulfuric  acid: 
the  latter  sulfonates  the  organic  compound  to  give  sulfonic  acids  as  by-products.  Consequently  the  presence  of 
sulfonic  acids  is  regarded  as  the  result  of  a  secondary  sulfonation  reaction  with  sulfuric  acid  [2,3,4,51  This 
theory  does  not  appear  to  have  been  experimentally  confirmed  at  any  time;  as  will  be  shown  below,  it  does 
not  reflect  the  actual  course  of  the  reaction  with  sufficient  completeness  and  accuracy. 

Experimental  studies  with  various  compounds -toluene  [61  naphthalene  [7]  and  acetanilide  —have  shown 
that  for  these  compounds  the  reaction  is  more  correctly  represented  on  the  basis  of  initial  formation  of  sulfonic 
acids  by  the  action  of  chlorosulfonic  acid: 


ArH  +  Cl‘SO,H  - ►  ArSO,H  ♦  HCl.  (2) 

Subsequently  the  sulfonic  acids  are  transformed  into mlfochlorides  according  to  the  scheme: 

ArSOj-OH  V  H^V;C1 - ►  ArSO,a  ♦  1^804.  (3) 

According  to  this  mechanism  sulfonic  acids  are  mainly  formed  as  the  result  of  incompleteness  of  the 
chlorosulfonation  reaction. 

Clarification  of  the  true  mechanism  of  the  reactions  is  very  necessary  for  a  realistic  and  efficient  operation 
of  the  industrial  processes  for  sulfochlorides.  since  the  first  theory  indicates  that  the  process  should  be  interrupted 
at  the  earliest  possible  moment  to  give  a  maximum  yield  of  sulfonic  acids,  while  the  second  theory  requires  that 
the  process  should  be  prolonged  until  the  maximum  amount  of  sulfonic  acids  has  been  converted  into  sulfochlorides. 
The  clarification  of  the  mechanism  of  this  complex  reaction,  which  mcludes  a  series  of  parallel  and  consecutive 
processes,  is  greatly  complicated  by  the  fomiation.  sometimes  in  high  yields,,  side  by  side  with  sulfonic  acids  and 
sulfochlorides,  of  sulfones,  polysulfonated  derivatives,  chloro  derivatives,  side  chain-substituted  oxidation  products 
and  many  other  substances  which  undergo  reciprocal  transformations. 

For  the  purpose  of  arriving  at  a  preliminary  solution  of  the  main  problem  —the  mechanism  of  the  entry 
of  the  chlorosulfonic  group  into  an  organic  molecule  —we  carried  out  some  thermodynamic  calculations.  The 
changes  of  free  energy  and  of  entropy  of  the  individual  reactions  were  calculated  for  a  series  of  aromatic  compounds. 

For  the  purpose  of  gaining  insight  into  the  mechanism  of  a  reaction  it  is  important  to  know  not  only  the 
I  direction  of  the  reaction  and  the  degree  of  conversion —which  are  governed  by  the  sign  and  magnitude  of  the  free 
lenergy  — but  also  the  velocity  of  the  individual  reaction  steps.  The  reaction  velocity  is  governed,  according  to 
modern  concepts.  by  the  probability  of  formation  of  an  active  complex:  in  this  connection  the  probability 
j  factor  _P  appears  to  be  related  to  the  entropy  of  activation  AS*  by  the  expression: 

AS*  kT 

?z-.c-r  -TT- 

linsofar  as  the  theoretical  number  of  collisions  (Z),  Boltzmann's  constant  (k),  the  gas  constant  (R)  and  Planck  s 
-onstant  (h)  are  substantially  constant  at  the  given  temperature  (T). 
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The  lack  of  knowledge  at  the  present  time  of  the  properties  of  the  active  complex  U  a  serious  hindrance 
to  the  calculation  of  the  entropy  of  Its  formation.  But  since  the  active  state  exists  between  the  commencing  and 
final  states,  we  can  draw  certain  qualitative  conclusions  from  a  consideration  of  the  total  change  of  the  entropy 
process  ASw  *  '* 

We  know  that  by  using  AS  in  place  of  AS*  for  the  evaluation  of  reaction  velocity  It  Is  possible  to  arrive 
at  serious  deviations  in  the  quantitative  expression  of  the  probability  factor  JP,  which  plays  an  important  part  Ji 
the  kinetic  equation:  _  ;  • 


where  Ky  is  the  velocity  constant  and is  the  activation  energy^ 

However,  for  homogeneous  reactions  with  structurally  similar  compounds  existing  in  very  similar  states,, 
a  qualitative,  roughly  orientating,  comparative  evaluation  of  the  reaction  velocity  with  the  help  of 

AS.  can  be  performed  with  a  measure  of  accuracy.  Thus,  if  in  the  case  of  one  of  two  heterogeneous  reactions  AS 
has  a  high  positive  value,  then  we  must  expect  that  the  given  reaction  will  be  faster,  while  If  the  value  Is  more 
negative  then  the  reaction  should  be  slower  [17). 

In  other  cases  an  evaluation  of  reaction  velocity  on  the  basis  of  AS  will  be  less  accurate.  Nevertheless  a 
comparison  of  the  change  of  entropy  of  two  similar  reactions,  especially  wlien  they  differ  not  only  in  magnitude 
but  also  m  sign,  permits  an  evaluation  of  the  degree  of  probability  of  the  arbitrary  occurrence  of  each  of  them 
in  an  isolated  system,  the  probability  being  related  In  a  definite  manner  to  the  velocity  of  the  process. 

We  defined  the  entropy  of  a  process  at  25*C  as  the  difference  between  the  entropies  of  formation  of  the 
reaction  products  and  the  starting  substances.  The  entropy  of  formation  of  all  the  compounds  was  calculated 
as  the  difference  between  the  standard  entropy  of  the  compound:  and  the  standard  entropy  of  the  elements 
entering  into  it. 

The  entropy  of  the  elements  was  taken  ftom  the  data  of  Parks  and  Huffman  [9]  and  the  entropy  of  the 
compounds  was  calculated  from  the  formulas  of  L  L  Strelkov  [10). 

TABLE  1 

Calculated  Values  of  Entropy  Changes  (AS  In  electxosutlc  units),  Heats  (AH  in  kcal)  and  Free  Energy  (AF  in  kcal) 
for  Reactions  of  the  Type: 

A)  X-QHj  +  ClSCjH - >  X-C,H4-S0,H  ♦  HCl; 

B)  X-C^Hj  ♦  ClSOjH - *  X-CjHrSO^Cl  ♦  1^0; 

C)  X-C«HrSOjH  +  ClSOjH — ^X^jHrSOjC!  ♦  l^SO^ . 


X 

Name  of 

A 

B 

C 

1 

compound 

AS 

AH 

AS 

i  AH 

AS 

AH 

1  ^  t 

“H .  Benzene 

“CH8 . I  Toluene 

~NH| . ■  Aniline 

CO  i 

”NH  ;  Carbanilide 

i 

— NHCOCH|.  .  i  Acetanilide 
— NHCOH  ...  I  Formanilide 


The  solid  s’jbstances  at  298*K: 

Sj„.  =  2.0  (C)  ♦  2.5  (H  +  N)  ♦  4  4  (O)  ♦  10.0  (Q  +  Br  ♦  I)  ♦  7.0  (m). 

For  liquids  at  the  same  temperature: 

Sisi*  =  3.5  (Q  ♦  3  2  (H)  ♦  9.1  (O)  ♦  11.9  (Cl  ♦  Br  +  I)  ♦  9.8  (N). 

In  these  formulas  C,  H  N  O.  Cl.  Br.  and  I  signify  the  number  of  atoms  of  the  respective  elements  In  a 
rnolecule  ,  a.od  m  is  the  total  number  of  other  atoms. 

The  change  of  free  energy  of  a  process  at  25‘C  was  defined  as  the  difference  between  the  standard  free 
energies  of  the  products  and  the  starting  substances. 
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The  free  energy  of  the  productt  (AFp^^  )  and  the  starting  components  (AFinHsubsP  calculated  from 
the  equatloG: 

AF„a..AH-TAS|^. 

The  heats  of  formation  of  the  compounds  from  the  elements  “AH— were  taken  either  from  the  literature 
or  calculated  from  the  equation: 

AH  »  Hcomb.  (C)  ♦  34.19  (  H)  ♦  0(Br  ♦  Cl  ♦  I  ♦  N  ♦  O)  ♦  41.4F  ♦  69.3SJ. 

Ir.  the  case  of  absence  from  the  literature  of  data  for  the  heats  of  combustion  (H^omb  )  calculated 

from  the  Kiiarasch  formula  with  corrections  for  the  heat  of  fusion  of  solids. 

Some  of  our  calculated  data  are  set  out  in  Table  1. 

It  follows  from  consideration  of  these  data  that  in  the  reaction  of  chlorosulfonic  acid  with  aromatic  compounds 
the  formation  of  sulfonic  acids  and  sulfochlorides  is  equally  possible  since  the  change  of  free  energy  of  these 
processes  has  a  large  negative  value.  A  comparison  of  the  magnitudes  of  the  change  of  entropy  indicates,  however, 
that  the  degree  cf  probability  of  these  processes  is  likely  to  vary  with  different  compounds. 

The  prcbability  of  type  A  reactions  for  toluene,  aniline,  acetanilide  and  formanilide  must  be  considerably 
higher  than  the  probability  of  type  B  reactions,  because  in  the  first  case  the  increase  of  AS  is  greater.  This 
signifies  that  side  by  side  with  the  direct  formation  of  sulfochlorides  proceeding  at  low  velocity,  the  main  mass 
must  evidently  be  formed  from  culfonic  acids  according  to  scheme  (C)  since  the  formation  of  the  latter  m 
scheme  (A}must  proceed  with  a  higher  velocity  and  with  a  higher  yield. 

In  the  case  of  carbanilide  the  entropy  change  of  reactions  (B)  and  (A)  are  substantially  identicaL  It  may 
be  assumed  that  the  formation  of  sulfonic  acids  as  well  as  the  direct  formation  of  sulfochlorides  .must  take  place 
with  similar  velocities.  Since,  however,  sulfonic  acid  formation  Involves  a  bigger  drop  in  free  energy,  it  will 
take  place  with  a  somewhat  higher  yield. 

Formation  of  benzene  sulfochlorlde  according  to  schemes  (A)  and  (B)  also  appears  to  have  equal  pro!  ability, 
although  the  first  process  must  give  a  slightly  higher  yield.  Benzene  sulfochlonde  appears  to  be  formed  with 
similar  velocities  by  both  schemes.  Formation  of  sulfochlorides  according  to  scheme  (C)  at  25*C  from  toluene, 
acetanilide  and  formanilide  will  be  hindered  and  will  require  a  supply  of  heat  from  outside.  In  these  conditions 
benzene  sulfonic  acid  and  the  sulfonic  acid  of  carbanilide  must  undergo  ready  transformation  into  sulfochlorides. 

These  assumptions  find  confirmation  in  prr.ctta  1  operation  of  the  processes.  Whereas  the  preparation  of  the 
sulfochlorides  of  toluene,  acetanilide  and  formanilide  can  be  effected  either  by  reaction  over  a  prolonged  period 
or  at  a  temperature  of  60-80*,  benzene  sulfonic  acid  Is  obtained  in  good  yield  by  reacticn  for  a  short  period  at 
20-25*. 

Thus  the  thermodynamic  calculations  show  that  in  chlorosulfonation  reactions  formation  must  take  place 
simultaneously  of  both  sulfonic  acids  and  (directly)  of  sulfochlorides.  The  degree  of  probability  of  these  reactions 
depends  on  the  type  of  starting  compound  and  on  the  reaction  conditions.  It  is  consequently  impossible  to  single 
out  any  one  of  the  above  schemes  as  corresponding  to  the  mechanism  of  chlorosulfonation.  In  other  words  none 
of  these  schemes  can  be  regarded  as  a  general  scheme  of  chlorosulfonation  since  it  is  always  necessary  to  specify 
the  type  of  compound  used  and  the  reaction  conditions. 

For  the  purpose  of  experimental  verification  of  the  conclusions  reached  from  thermodynamic  calculations, 
performed  a  senes  of  experiments  on  the  influence  of  temperature,  duration  of  reaction  and  ratios  of  components 
or  the  yields  of  sulfochlprides  and  sulfonic  acids  during  chlorosulfonation  of  various  aromatic  compounds.*  Most  of 
the  experiments  were  performed  by  the  following  procedure: 

With  energetic  stirring  the  organic  compound  was  gradually  added  to  the  calculated  amount  of  chloro¬ 
sulfonic  acid  at  a  definite  temperature  which  was  maintained  with  the  help  of  a  thermostat.  The  resultant 
reaction  mass  was  then  held  for  a  definite  period  at  the  specified  temperature.  The  reaction  was  terminated 
and  the  product  isolated  by  pouring  the  mass  into  a  large  volume  of  water  at  the  given  temperature  under  vigorous 
stirring.  The  products  were  liquids  or  solids  and  were  separated  from  the  aqueous  solution,  washed  with  dlstUled 
water  until  all  traces  of  vulfurlc  and  hydrochloric  acids  had  been  removed  dried  to  constant  weight,  and  analyzed. 

The  aqueous  solution  of  organic  substances  and  inorganic  acids  together  with  the  wash  waters  was  also  analyzed. 

The  organic  compounds  were  sometimes  Isolated  from  this  solution.  For  this  purpose  the  solution  was  neutralized 
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with  ammonia  tclution  or  10^l»  todlum  hydroxide  and  evaporated  to  dryneu,  and  the  dry  residue  extracted  in  a 
Soxhlet  with  alcohol,  acetone  or  other  common  solvent  for  removal  of  the  organic  compound. 


TABLE  2 

Yields  of  Sulfochloildes.  Sulfonic  Acids  and  Sulfones  in  the  Chlorosulfonation  of  Aromatic  Compounds  over  a 
Period  of  2  Hours. 


Expt. 

No. 

Compound 

i 

Molar  ratio  of 
compound  to 
chlorosulfonic 
acid 

Terap; 

Yields  (mole: 

(•c) 

of  urueacted 
compound 

of  sulfo- 
chlorides 

of  sulfonic 
acids 

of  sulfones 

1 

Benzene  ; 

1:1 

-40 

46.5 

Traces 

53.2 

Traces 

2 

•  1 

1:1 

25 

- 

7.8 

89.2 

3.0 

3 

•  1 

1 

90 

- 

12.0 

80.2 

7.7 

4 

•  1 

2:1 

25 

1 

4.9 

— 

4.3 

5 

Toluene  ' 

1  1:1 

.-40 

1  63.5 

TYaces 

35.2 

* 

6 

• 

1 

25 

- 

4.6 

87.2 

4.5 

7 

• 

90 

- 

10.3 

• 

9.7 

8 

o-Xylene 

1:1 

25 

- 

2.0 

93.2 

■“ 

9 

Naphthalene 

1:1 

25  i 

— 

.3.2 

94.6 

10 

Aceunilide 

1:1 

25 

^  i 

2.5 

96.9 

11 

• 

i  1:5 

25 

9.6 

8C.8 

— 

12 

• 

i  1:S 

60 

82.4 

• 

13 

Carbanillde 

25 

1  9.2 

• 

14 

• 

!  1:5 

25 

1 

i  28.2 

• 

IS 

!  " 

i  1:5 

60 

—  ! 

1  65.3 

*  i 

— 

16 

Formanilide 

i  1:1 

25 

-  ! 

1  2.5 

98.0  1 

— 

17 

m 

1:5 

25 

i 

1  11.0 

88.3 

— 

18 

m 

.  1:5 

'60 

“  1 

i  75.2 

• 

— 

19 

!  Phenol 

i 

25 

“  j 

1  Traces 

96.8 

2.5 

20 

Nitrobenzene 

1  1:1 

25 

—  1 

1 

94.2 

2.7 

The  sulfochlondes  were  identified  from  their  melting  or  solidifying  points  after  purification  (by  vacuum 
distillation  or  tecrystallization  from  benzene,  acetone  or  dichloroethane).  The  sulfonic  acids  were  identified 
by  the  melting  points  of  their  chlorides,  which  were  obtained  by  treatment  of  the  sodium  salts  with  phosphorus 
pentachloride,  sometimes  they  were  identified  through  the  amides,  prepared  by  the  action  of  aqueous  ammonia 
or  ammonium  carbonate  on  the  sulfochlorides.  For  evaluation  of  the  general  course  of  the  reaction  (sulfonation. 
chlorination  or  chlorosulfonation),  a  sample  of  die  reaction  mass  was  analyzed  for  its  content  of  organically 
bound  sulfur  and  chlorine. 

The  experimental  data  (Table  2)  show  that  sulfonic  acids  are  the  main  products  in  the  reaction  of  equi¬ 
molar  amounts  of  chlorosulfonic  acid  with  aromatic  compounds,  the  amount  of  sulfochlorides  not  usually 
exceeding  10^  of  theory.  The  amount  of  sulfonic  acids  considerably  exceeds  thd  amount  of  sulfochlorides 
in  the  fust  instant  of  reaction  also  when  using  large  excesses  of  chlorosulfonic  acid,  particularly  at  low  temperalutj 

The  formation  of  a  large  amount  of  sulfonic  acids  in  the  first  stage  of  the  reaction  may  be  explained  both 
by  the  sulfor.ating  action  of  chlorosulfonic  acid  and  by  the  presence  of  sulfuric  acid  also  formed  by  hydrolysis 
of  chlorosulforjc  acid  by  the  water  released  in  accordance  with  equation  (1). 

It  can  be  shown  with  the  help  of  thermodynamic  calculations  that  sulfonation  with  chlorosulfonic  acid 
must  take  place  much  more  readily  than  sulfonation  with  sulfuric  acid.  In  fact,  applying  Hess*s  law  we  see 
that  the  difference  between  changes  of  entropy,  free  energy  and  thermal  effects  for  sulfonation  of  any  organic 
compound  according  to  the  schemes: 


Yields  of  sulfonic  acids  not  specified  since  mixt'ires  of  sulfonic  acids  with  different  degrees  of  sulfonation  are 
formed. 
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ArH  ♦  CISOjH  — Arsq,H  ♦  HCl  and  ArH  ♦  HSO4 - a  ArSO|H  4  H,0. 

can  be  numerically  expressed  by  die  change  of  these  magnitudes  for  the  proceis: 

ClSO,H  4  1^0 - ^  HSO4  4  Ha. 

For  this  process  our  calculations  give  a  value  for  AS  of  approximately40.46  electrostatic  units, ^and  for 
AF  of  about  *^0.430  cal. 

Sulfonation  with  chlorosulfonic  acid  must  consequently  proceed  more  rapidly  and  with  a  higher  yield  of 
products  than  sulfonation  with  sulfuric  acid. 

These  considerations  are  confirmed  in  practice.  Thus,  benzene  1111  toluene  [6,12]  and  acetanilide 
[13]  are  sulfonated  by  chlorosulfonic  acid  more  rapidly  and  at  a  lower  temperature;  anthrone  [14]  does  not 
form  sulfonic  acids  under  the  action  of  strlfurlc  acid  at  180*  but  is  sulfonated  by  chlorosulfonic  acid  even  at 
60-70*. 

In  the  light  of  the  above  facts  it  must  be  stated  that,  notwithstanding  the  opinions  of  many  authors 
[2.3,4,51  the  secondary  reaction  with  sulfuric  acid  during  the  process  of  chlorosulfonation  can  scarcely  play 
an  essential  part  and  recedes  even  further  into  the  background  at  highconcenirations  of  chlorosulfonic  acid,' 
particularly  at  the  start  of  the  process.  Tiie  main  mass  of  sulfonic  acids  formed  by  the  process  consists  of 
products  of  reaction  with  chlorosulfonic  acid  [equation  (2)]  and  not  with  sulfuric  acid. 

In  the  second  stage  of  the  process  the  sulfonic  acids  undergo  conversion  into  sulfochlorides  in  accordance 
with  equation  (3).  This  reaction  takes  place  slowly  and  in  the  majority  of  cases  it  requires  energy  from  outside. 

In  Figure  1  is  plotted  the  change  in  amount  of  organic  sulfur  (curves  S)  and  organic  chlorine  (curves  O) 
in  course  of  time  during  the  process  of  chlorosulfonation  of  acetanilide  at  25  and  40*.  We  see  from  the  curves 
that  the  amount  of  <»ganic  sulfur  reaches  a  value  of  nearly  100<J|>  (calculated  on  the  monosulfo  derivative) 
almost  immediately  after  completion  of  the  make-up  of  the  batch  (l.e.  within  15  minutes);  it  then  remains* 
nearly  constant  tliroughout  the  whole  process.  On  the  other  hand  the  amount  of  organic  chlorine  and  the 
corresponding  amount  of  separated  sulfochloride  (curve  CX)  ate  respectively  10  and  2.?^  after  make-up  and 
gradually  rise  to  a  maximum  before  slowly  falling.  Curve  CK,  representing  the  change  in  amount  of  sulfonic 
ac*i  in  the  reaction  mass,  and  curve  CX  form  an  almost  symmetrical  pair,  which  fact  confirms  the  reciprocal 
transitions:  sulfonic  acid  ^  sulfochloride.  At  temperatures  above  40*  in  the  case  of  acetanilide  this  symmetry 
is  upset  due  to  reactions  of  di-  and  trisulfonatitxi. 


20  ^  60  SO  fooy,ayOi'ti 


Fig.  1.  Accumulation  of  organic  sulfur  (S)  (in  <^of 
the  theoretical  for  the  monosulfochloride);  organic 
chlorine  (Cl)  (in  of  the  theoretical  for  the 
monosulfochloride);  yields  of  sulfochloride  (CX)  and 
of  sulfonic  acid  (CK)(in  of  the  theoretical  for 
chlorosulfonation  of  acetanilide).  1)  at  25*;  2)  at 
40*;  3)  sulfochloride  at  25*. 


Fig.  2.  Dependence  of  the  yield  of  p-aceiamino 
benzene  sulfochloride  (in  ^  of  theory  based  on 
the  composition  of  the  inorganic  portion  of  the 
reaction  mass)  at  the  conclusion  of  the  process 
at  60'C  in  states  close  to  equilibrium. 


The  course  of  curve  O  ii>  Fig.l  If  characteristic  of  the  chlorosulfonation  of  aromatic  compoundi  in 
representing  the  kinetics  of  the  slowest  stage  —the  stage  of  transition  of  the  sulfonic  acid  Into  the  sulfochloride 
(equation  3). 

It  is  reported  in  the  literature  [15]  that  at  a  temperature  of  about  100*,  toluene  sulfochloride  is  decomposed 
by  sulfuric  acid  with  formation  of  toluene  sulfonic  acid  and  evolution  of  hydrogen  chloride  and  sulfur  trloxide.  We 
tested  the  possibility  of  effecting  this  reaction  with  various  sulfochlorides  at  various  temperatures.  We  established 
the  general  character  of  this  reaction  also  at  low  temperatures  (-40  and  -20*C).when  it  may  proceed  with  formatio 
of  chlorosulfoplc  acld: 

ArSO^a  ♦  1^504  - ►  ArSOjH  ♦  aSO,H. 

Hence  the  reaction  of  formation  of  sulfochloride  from  sulfonic  acid  may  be  regarded  as  a  reversible  one. 

At  normal  and  high  tempc»atures  It  proceeds  Irreversibly  due  to  dissociation  of  chlorosulfonic  acid,  which  Is 
caused  by  the  influence  of  the  large  amount  of  heat  released  In  the  transition  from  sulfochloilde  to  sulfonic 
acid; 

ClSOjH  HCl+SO,. 

and  the  process  can  be  essentially  represented  by  the  scheme: 

ArSOjCl  ♦  1^504  — ♦  ArSOjH  ♦  HCl  ♦  SO,.  (4) 

I 

An  equilibrium  is  established  between  the  concentrations  of  the  products  of  reactions  (3)  and  (4),  which 
depends  on  the  ratios  of  the  velocities  of  these  reactions  at  the  given  temperature.  Due  tc  this.  In  each  such 
system  it  is  only  possible  to  obtain  a  certain  yield  of  sulfochloride  when  the  state  of  the  system  Is  close  to 
equilibrium.  Consequently  the  yield  of  sulfochloride  de^nds,  apart  from  the  nature  of  the  organic  compound, 
the  temperature  and  the  duration  of  the  process,  on  the  composition  of  the  reaction  mass  at  the  conclusion  of. 
the  process,  and,  in  particular,  on  the  concentrations  of  chlorosulfonic  and  sulfuric  acids:  the  latter,  in  turn, 
depend  on  the  excess  of  chlorosulfonic  acid  used  in  the  reaction  and  its  concentration.  This  dependence  is 
illustrated  in  Figure  2  for  acetaminobenzene  sulfochloride  in  states  close  to  the  equilibrium  state. 

Specially  performed  experiments  showed  that  when  the  composition  of  the  inorganic  portion  of  the  reaction 
mass  at  the  conclusion  of  the  process  was  65^  chlorosulfonic  acid  and  35^  sulfuric  acid,  the  molar  ratio  of  benzene 
sulfonic  acid  to  benzene  sulfochloride  at  25*  was  0.3: 0.7  irrespective  of  whether  we  started  from  beiuene  sulfonic 
acid  and  chlorosulfonic  acid  or  from  benzene  sulfochloride  and  the  calculated  amount  of  a  mixture  of  sulfuric 
and  chlorosulfonic  acids. 

On  the  basis  of  the  foregoing  facts  we  can  understand  the  course  of  the  curve  of  change  of  amount  of 
sulfochloride  (CX)  with  passage  of  time  (Fig.  1),  In  the  rising  branch  of  the  curve,  when  the  concentrations  of 
sulfonic  acid  and  chlorosulfonic  acid  are  sufficiently  high,  reaction  (3)  predominates  over  reaction  (4),  in 
consequence  of  which  the  amount  of  organic  chlorine  Increases  and  sulfochloride  and  sulfuric  acid  accumulate 
in  the  system.  This  progressively  promotes  the  course  of  reaction  (4),  as  a  result  of  which  the  amount  of  sulfo- 
chloridc  bej^ins  to  fail  slowly  after  reaching  a  certain  magnitude.  The  sulfochloride  separated  in  accordance 
with  reaction  (4)  again  promotes  reaction  (3);  hence  with  a  large  excess  of  chlorosulfonic  acid  the  rate  of  fall 
of  concentration  of  sulfochloride  is  very  low.  The  course  of  curves  (Cl)  shows  that  the  equuibrium  state  is  not 
attained  even  after  a  long  period,  as  it  is  hindered  by  the  removal  of  hydrogen  chloride  from  the  sphere  of 
reacQon. 

Apart  from  its  theoretical  interest,  the  curve  in  question  has  great  practical  significance.  First  It 
specifies  the  maximum  yield  of  sulfochloride  attainable  at  a  given  temperature  and  concentration  of  chloro- 
sulfonic  acid  Second,  it  indicates  the  necessity  to  interrupt  the  reaction  at  the  maximum  point,  for  further 
continuation  of  the  process  leads  to  a  fall  in  the  sulfochloride  yield.  This  statement  refutes  the  widely  held 
opinion  [16]  that  the  reaction  mass  does  not  change  after  prolonged  standing. 

The  above  facts  also  compel  us  to  reject  the  conclusion  of  L.  S.  Solodar  [13]  to  the  effect  that  sulfuric 
acid  does  not  play  a  decisive  part  in  the  process  of  chlorosulfonation.  Sulfuric  acid  plays  an  Important  part 
since,  by  loweilrg  the  concentration  of  chlorosulfonic  acid  and  reacting  with  the  resultant  sulfochlorides, 
it  must  govern  the  yield  of  the  latter. 

It  follows  from  curve  (Cl)  in  Figure  1  that  whereas  the  amount  of  chlorine  increases  relatively  slowly,  • 
at  the  starting  point  immediately  after  addition  of  the  organic  compound  (which  takes  a  period  of  15  minutes) 
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It  has  a  value  of  about  10^  of  the  thecretical.  Frotn  thli  we  mun  conclude  that  the  preaence  of  such  a  high 
percentage  cannot  be  due  to  the  transformation  of  sulfonic  acid  Into  sulfochlorlde  [reaction  (3)).  It  U  clear 
that  for  the  greater  part  it  could  Only  have  been  formed  at  the  expense  of  direct  introduction  ot  the  SQiCl'^oup 
into  the  organic  molecule  by  reaction  with  chlorosulfonic  acid  during  the  first  stage  of  the  reactiott  in  accordance 
with  equation  (1);  this  is  consistent  with  our  preliminary  conclusions  reached  on  the  basU  of  thermodynamic 
calculations. 

According  to  these  calculations  (Table  1), 
reaction  (1)  for  carbanilide  at  25*C  must  proceed  with 
a  velocity  much  closer  to  that  of  reaction  (2)  than  Is  • 
the  case  for  acetanilide.  Experiment  confirms  this 
conclusion.  Whereas  the  mean  velocity  of  accumula* 
tlon  of  chlorine  in  the  reaction  mass  after  the  completion 
of  the  addition  of  material  is  1.08^  of  the  theoretical 
amount  in  an  hour  (Fig. 3),  the  amount  of  chlorine 
immediately  after  the  addition  (over  a  period  of  one  half 
hour)  was  of  theory,  reckoned  on  one  SP|C1  group 
per  benzene  ring. 

On  the  basis  of  thermodynamic  <alculatlons 
and  experimental  data  we  may  propose  the  following 
simplified  scheme  as  being  most  probable  for  the 
reaction  of  chlorosulfonic  acid  with  aromatic 
compounds: 


Fig.  3.  Dependence  of  the  yield  of  p,p*> 
dlsulfochlorlde  of  carbanilide  on  time  during 
reaction  at  25t 


where  X  is  a  substituent  of  the  first  order  and  the  dense  arrow  indicates  the  preferred  direction  of  reaction. 

In  this  connection  we  must  not  forget  that  the  true  course  of  the  reaction  is  considerably  more  complex 
and  leads  to  the  formation  of  a  whole  series  of  products:  sulfones,  polysulfo  derivatives,  chloro  derivatives, 
products  of  side‘*chain  substitution,  etc.  In  the  case,  for  example,  of  the  reaction  with  aromatic  acyiamines, 
we  have  established  that  the  first  reaction  products  are  acylsulfamino  acids  and  their  chlorides,  which 
subsequently  change  into  nuclear-substituted  acyiamines. 

SUMMARY 

1.  On  the  basis  of  preliminary  thermodynamic  calculations  and  of  experimental  Investigations  a  scheme 
has  been  established  for  the  main  reactions  during  chlorosulfonation  of  aromatic  compounds  with  formation  of 
chlorides  of  sulfonic  acids. 

2.  It  is  shown  that  in  the  first  rapid  stage  of  the  reaction  between  chlorosulfonic  acid  and  the  majority 

of  aromatic  compounds,  the  main  products  are  sulfonic  acids,  while  sulfochlorides  are  obtained  in  minor  amounts. 
Sulfonation  with  sulfuric  acid,  when  using  high  concentration  of  chlorosulfonic  aci'*,  does  not  play  an  important 
part. 

3.  In  the  second,  slow,  stage  of  the  process  the  sulfonic  acids  arc  transformed  into  sulfochlorides  under 
the  action  of  excess  of  chlorosulfonic  acid,  and  sulfuric  acid  is  released.  The  reaction  may  be  reversible  at  low 
temperatures  and  proceeds  irreversibly  at  elevated  temperatures  due  to  breakdown  of  the  chlorosulfonic  acid 
(released  during  the  reversible  reaction)  into  sulfur  trioxide  and  hydrogen  chloride  and  removal  of  the  latter 
from  the  sphere  of  reaction. 


4.  Sulfuric  acid  play$  an  important  part  during  chlorosulfonatlon,  lowering  the  concentration  of  cbloro* 
lulfonic  acid  and  reacting  with  the  sulfochlorldes  to  convert  them  into  sulfonic  acids.  Consequently  Its 
presence  in  the  reaction  mass  governs  the  yield  of  sulfochlorldes  in  the  given  conditions  for  operation  of  the 


process. 
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THE  PROBLEM  OF  THE  THIOCYA  NATION  OF  o>NITROANILINE 


S.  G.  Fridman 


We  required  a  supply  of  2-amino*4-nitrobenzothiazole.  In  the  literature  we  found  three  references  to  its 
synthesis. 

1.  The  compound  was  prepared  for  the  first  time  by  Dyson,  Hunter  and  Morris  (1]  from  o*nitroanFine 
and  thiophosgene  according  to  the  scheme: 


They  reported  a  m.p.  of  232*  for  their  2-amino-4-nitrobenzothiazole. 

2.  Erlenmeyer  ar.d  Ueberwarser  [2]  improved  the  preceding  method  and  obtained  a  nearly  quantitative 
yield  of  2-amlno-4-ninobenzothia2ole  with  m.p.  254*. 

3.  Blomquist  and  Diuguid  p]  obtained  a  compound  with  m.p.  110-112*  by  thiocyanation  of  o-nitro- 
anilire  by  Kaufmann's  method.  They  ascribed  to  this  subsunce  the  structure  of  2-araino-4-iiitrobenzothlazole. 
After  purification  via  the  acetyl  derivative  the  m.p.  was  raised  to  130*.  The  acetyl  derivative  melted  at 
138-139°.  Blomquist  and  Diuguid  refer  to  tlie  work  of  Dyson,  Hunter  and  Morris;  however  the  difference  of 
102*  in  the  melting  pomt  of  one  and  the  same  substance  did  not  disturb  them  in  the  least.  They  then  converted 
their  amine  lr»o  the  chlcro  derivative  by  Sandmeyer’s  method  and  obtained  a  substance  melting  at  59.5-61.5*. 

The  authors  assumed  that  they  had  obtained  2-chloro-4-nitrobenzothiazole,  although  Erleiuneyer  and 
Ueberwasser  7  years  previously  had  prepared  2-ainino-4-nitrobenzothiazole  and  from  it  had  obtained,  via  the 
diazo  compound  by  Sandmeyer’s  method,  2-chloro-4-nitrobenzothiazole  with  m.p.  1S9-170*. 

We  were  astonished  not  only  by  the  discrepancy  in  the  melting  points  but  also  because  the  American 
chemists,  Blomquist  and  Diuguid,  had  applied  Kaufmam’smethod  without  bothering  to  mention  the  fact. 

According  to  Kaiinann  [4]  and  other  workers  [5],  the  first  stage  in  the  thiocyanation  is  the  substitution  of 
ihiocyanogen  group  for  a  hydrogen  atom  in  the  para-position  to  the  amino  group: 


NH^CNS 


If  the  pa: a  position  is  occupied,  then  substitution  takes  place  in  the  ortho-position  to  the  amino  group  and  is 
accompanied  by  cyclization  to  a  derivative  of  2-aminobenzothiazole; 


Rr'^  NH4CNS  ^ 


i  by  Blomqulil  and  Dluguid  in  their  Reified  conditions, 

derivative  of  2-tininobcnzothUzole, 


Consequently  in  Ae  thiocyanstlon  of  o-nliroiniline 
only  2-niiro-l-thk>cy*no*nilinc  could  be  formed  and  not  a  < 


NHgCNS 


The  empirical  formulas  of  2-ntoo-4-thlocyanoanlline  and  2-amIiK>-4-nltroDenzoinuzoic  are  *acm 
Hence  die  analytical  data  canruit  be  regarded  at  proof  of  the  correctness  of  the  authors*  claims. 

The  following  table  pre  sents  data  reported  in  the  literature  [6]  for  2-nitro-4-thlocyanoaniUne  (I), 
2-nltro-4Hhiocyanoacetanlllde  (11)  and  2-nitro4*thlocyanochloiobenzene  (DQ. 


On  the  right,  for  comparison,  are  shown  the  melting  pointt  of  the  corresponding  derivatives  prepared  by 
Blomqulst  and  Dluguid  by  thlocyanatlon  of  o-flltroanillne  and  by  replacing  the  amino  group  by  chlorine: 


Preparation  of  Blomgulst  and  Dluguid 


Thiocyano  derivatives 


Preparation 


Structure  attributed  by  the  authors 


C-NHCO 


V/e  see  from  the  table  that  the  melting  points  of  tl»e  corresponding  compounds  are  the  same  or  nearly  so. 

In  order  to  prove  that  the  product  obtained  by  Blomqulst  and  Dlugid  by  thiocyanation  of  o*nitroaniline 
Is  not  2-amino-4-nitrobenzothiazole  but  2-nitro-4'thioc)ancBniinc,  we  prepared  the  latter  by  the  following  scheme 
as  given  in  the  litcratiu'e  (6): 


NHCOCi^ 


In  the  conditions  described  by  the  authors  we  obtained  from  o-niuoanUine  the  alleged  2-amino^-nitrobenzo- 
thlazole  and  its  acetyl  derivative.  The  melting  point  of  a  mixed  sample  of  2-nltro-4-ihiocyanoacetanilide  with 
the  acetyl  derivative  of  the  alleged  2-amino-4-nitroben20thiazole  did  not  suffer  any  depression.  Nor  was  any 
depression  observed  in  the  determination  of  the  mixed  melting  point  of  2-nltro-4-thiocyanoaniline  with  the 
alleged  2-amlno-4-flitrobcnzothiazole. 

There  can  thus  be  no  doubt  at  all  that  Blomqulst  and  Dkisild  obtained  2rnitro^-thIocyanoaniline  in  the 
thlocyanatlon  of  o-mtroaniline,  and  not  2-amlno-4-nitrobenzothiazoIe.  The  compound  which  they  prepared  by 

replacing  the  amino  group  by  chlorine  was  2-nltro-4-thiocyanochlorobenzene  and  not  2'chloro-4-nitrobenzothla> 
zole. 


SUMMARY 


It  Is  shown  that  Blomquiit  and  Diuguid  obtained  2*flitio-4*thlocyanoaniline  by  tblocyanatlon  of  o-nitro- 
aniline,  and  not  2“ainino-4-nltrobenzothIazole  as  they  erroneously  concluded. 

They  obtained  2-nitro-4*thiocyanoacetanllide  on  acetylation  of  the  product,  and  not  2-acetamlno-4"nitro* 
bcnzothlazole;  by  diazotlzation  followed  by  treatment  with  cuprous  chloride  these  authors  obtained  2*nltro-4- 
thiocyanochlorobenzene  to  which  they  erroneously  ascribed  the  structure  of  2*chloro>4-nitiobenzothiazole. 
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CHLOROMETHYLATION  OF  ARYL  ALIPHATIC  KETONES 
M.  N.  Tllichenko  and  V.  A.  Popova 


The  introduction  of  the  CH|C1  group  into  the  aromatic  nucleus  with  the  help  of  CHO  ♦  HCl  (the  chloro- 
methylatlon  reaction)  is  one  of  the  best  established  and  most  important  reactions  of  organic  synthesis  in  the  aromat* •* 
ic  series.  Up  to  the  present,  however,  there  has  been  no  known  instance  of  the  introduction  of  the  CH|C1  group  into 
a  chain  even  when  special  attempts  have  been  made  to  effect  such  a  reaction  fl).  h  July  1936  the  successful 
chloromethylation  of  a  series  of  aliphatic  ketones  was  reported  [2]; 

R— CO— CH,  ♦  Cl^O  ♦  HCl  R-CO— CH^— Cl^a  ♦  1%0. 

Spurred  on  by  this  success,  Fuson  and  McKeever  [3]  attempted  to  effect  chloromethylation  in  the  chain  in  a 
series  of  aliphatic-aromatic  ketones.  Success  in  this  attempt  would  have  provided  a  simple  and  accessible  method 
of  preparation  of  technically  important  vinylaryl  ketones  (41  The  authors  did  not  achieve  their  objective:  in  the 
case  of  aiylalkyl  aliphatic-aromatic  ketones  chloromethylation  did  take  place  but  the  C11|C1  group  entered  the  ring 
and  the  aliphatic  chain  was  not  attacked:  in  the  particular  cases  of  acetophenone  and  propiophenone  the  reaction 
did  not  generally  take  place.  It  would  tfcus  appear  that  it  is  not  possible  to  introduce  the  CH|C1  group  mto  a  side 
chain  by  the  chloromethylation  reaction. 

By  using  boron  fluoride  etherate  (CiHgliOBFi  as  the  catalyst*  and  monochlorodimethyl  ether  as  the  chloro- 
methylating  component,  however,  we  have  succeeded  in  effecting  side-chain  chloromethylation  of  acetophenone 
and  propiophenone. 

EXPERIMENTAL 

1.  Chloromethylation  of  propiophenone.  Here  we  shall  describe  only  one  experiment:  identical  results  were 
obtained  in  all  the  other  experiments.  In  a  thick-walled  flask  a  mixture  was  prepared  of  13.4  g  (0.1  mole)  propio- 
pbenone  (B.  p.  214-216*),  8  g  monochlorodimethyl  ether  (b.p.  49-70*)*  *  and  2.27  g  boron  fluoride  etherate  (b.p. 
124-128^.  The  flask  was  tightly  corked  and  heated  m  a  water  bath  for  31  hours  at  60-65*  and  for  1  bour  at  80". 

After  cooling  to  room  temperature,  the  reaction  mass  was  poured  mto  a  separatmg  funnel  containing  iced  water,  the 
water  layer  was  separated,  and  the  remainder  was  also  washed  with  iced  water  until  the  reaction  for  boron  was 
negative.  The  product  was  then  dried  over  freshly  calcined  sodium  sulfate  and  vacuum  distilled. 

12.93  g  of  material  was  fractionated:  Fraction  1,  99-115*  (6.5  mm),  6.84  g*  fraction  2,  124-134*  (6.5  mm), 
4.20  g:  residue,  1.25  g:  losses,  0.64  g. 

The  first  fraction  proved  to  be  unreacted  ketone.  The  second  fraction  was  a  colorless  liquid  with  a  pungent 
odor,  fuming  in  the  air;  it  darkened  on  standing.  Its  properties  were  thus  reminiscent  of  known  B-chl or oke tones  of 
the  aliphatic  series  (2].  On  repeated  distillation  nearly  the  whole  came  over  at  115-120*  (1  mm);  d^*  1.1130:  nU 
1.5326.  Yield  23.1%  of  theory,  calculated  on  the  total  ketone  used,  and  about  47%  calculated  on  the  reacted  ketone. 

0.1814  g  subitanoe:  0.1300  gAgCl.  0.1608  g  substance:  0.1155  g  AgCl.  0.1S20  g  substance:  18.41  g 

CrH  At  0.262*.  0,1473  g  substance:  14,75  g  At  0.210*.  Found  %:  Ci  17.69.  17.72;  M  !76,  181. 

Ci^H^iOCl.  Cakulared  %.  Ci  19.45;  M  182.5.  ^  ^  j 

The  low  halogen  conrent  found  may  be  due  to  partial  hydrolysis  of  the  chloromethylated  product  during 

washing  (as  well  as  to  partial  cleavage  of  HCl  during  the  distillation). 

Oxidation;  The  position  of  the  CHjCl  group  in  the  molecule  of  the  prepared  product  was  determined  by 
oxidation.  2.4  g  product  was  emulsified  with  22  ml  17%  sodium  hydroxide  solution  and  addition  was  made  at 
room  temperature  in  small  portion  of  262  ml  5%  KMnO^  The  mixture  was  then  heated  on  the  water  bath  (60-70*) 
for  4  hours.  The  excess  of  permanganate  was  deoxidized  by  careful  addition  of  formaldehyde  solution.  The 
filtered  precipitate  was  twice  digested  v.ih  water  (50  ml  each  lime).  The  aqueous  extracts  were  combined  with. 

*Bf  j  has  not  pieviously  been  applied  as  a  catalyst  in  the  chloromethylation  reaction. 

•*The  reaction  failed  when  using  purer  monochlorodimethyl  ether  (b.p.  54-60*)  as  the  chloromethylating  agent. 

The  reason  for  this  remains  unexplained. 


the  filtrate,  and  the  solution,  after  concentration  on  the  watet  bath  to  «  volume  of  60  ml.  wa«  ^  * 

small  fUter;  the  residue  on  the  filter  was  washed  3  times  with  water  (about  2-2.5  ml  portions).  Acidification  bf  ^ 
fUtrate  with  10^  HjSO^  caused  a  fine  crystalline  precipitate  to  separate.  The  precipitate  when  heated, 

and  on  slow  cooling  well-formed  colorless  platelets  crystallized  out.  Yield  of  air-dry  crystals  1.25  g  a  78.*  ^ of 
the  theoretical;  m.p.  118-122*  and.  after  sublimation.  119-121.5*.  A  sample  did  not  depress  the  melting  point  of 
benzoic  acid.  Titration  with  alkali  confirmed  that  benzoic  acid  had  been  prepared.  This  also  served  as  evidence 
that  the  Ci^Cl  group  is  not  introduced  into  the  ring  but  into  the  side-chain,  so  that  the  obtained  compound  must 
have  the  structure:  C*1%C0CH(CH|)C1%C1. 

Cleavage  of  HCl.  Two  react' ani  are  possible  in  the  cleavage  of  HCl: 


i 


aco— c*qi^ 


I  I 

^  < 


H— CH, 


The  possibility  of  the  second  direction  is  confirmed  lO  some  extent  by  the  analogy  with  Fuson's  experiment 
(5]  when  cleavage  of  water  from  meihjiolpropiophenone  CjH|COCH(CHj)C1^0H  gave  a-methylhydrlndone  instead 
of  the  expected  phenyl isopropenyl  ketone. 

5.45  g  chlo.omethylated  ketone  and  5  g  quinoline  (m.p.  234-238*)  were  heated  in  a  flask  under  a  reflux  cor 
denser,  protected  with  a  CaClt  tube,  at  70-80*  (water  bath)  for  4  hours.*  The  mixture  was  then  distilled  in  vacuum 
when  6.32  g  came  ever  at  90-92*  (1  mm),  leaving  a  residue  of  3.29  g  (loss  0.46  g). 

The  distillate  was  washed  with  3%  HCl  (to  remove  any  quinoline  which  distilled  over)  and  then  with,  water 
until  the  reaction  for  halogen  was  negative.  The  washed  distillate  was  dissolved  in  ether  and  dried  with  freshly 
calcmed  sodium  sulfate.  Removal  of  the  ether  left  a  colorless,  transparent  liquid  with  a  negative  reaction  for 
halogen  ^Beilstein  test).  Yield  3.33  g  or  76.2%  of  theory.  Its  pungent  odor  and  irritant  action  on  the  eyes  were 
strongly  reminiscent  of  the  commonest,  simplest  vinyl  ketones  (methyleneacetone,  etc.). 


dj*  1.0103;  njj  1.5342;  MRp  44.93.  . 


C,HsCOCH=CH^  MRjj  44.32;  a-meihylhydrindone  MRq  42.5< 


Oxidation  (by  the  above -described  method)  gave  benzoic  acid  in  a  yield  of  52%  of  the  theoretical.  Phthalic 
acid  would  have  been  formed  in  the  case  of  a-methylhydrlndone,  but  was  not  found  here.  There  was  consequently 
no  further  doubt  that,  at  any  rate  for  the  most  part,  the  cleavage  of  HCl  took  place  In  direction  1  (see  scheme,  abov 
and  that  the  product  was  isopropenyl  phenyl  ketone. 

2.  Chloromethylatlon  of  acetophenone.  Following  the  experiment  with  propiophenene  the  chlororrrethyl- 
ation  of  acetophenone  (51.28  g,  b.p.  201-204*)  was  performed  by  the  same  procedure  except  that  the  heating  on  the 
water  bath  at  60-65*  lasted  only  11  hours  (due  to  the  marked  darkening  of  the  mixture)  Iretead  of  31  hours  (and  1 
hour  at  80*). 

The  washed  and  dried  product  (53.72  g)  was  vacuum-fractionated  and  gave:  Fraction  1,  88-96*  (12mm). 
36.77  g;  fraction  2,  96-107*(12  mm),  7.28  g.  residue  (viscous  amber-colored  resin),  8.94  g;  loss  0,73  g. 

A  fresh  distillation  of  the  first  fraction  brought  it  over  at  83-86*  (11  mm);  this  was  unreacted  acetophenone. 
The  second  fraction  was  strongly  reminiscent  of  the  second  fraction  [b.p.  124-134*  (6.5  mm)]  of  the  preceding  ex¬ 
periment:  a  colorless  liquid  with  a  pungent  odor,  fuming  in  the  air,  and  darkening  on  standing.  It  gave  a  positive 
reaction  in  the  Beilstein  halogen  test. 

Wien  redistilled  it  almost  completely  polymerized*  (unexpectedly)  to  an  undistlllable.  transparent,  viscous 
mass  with  an  amber  color;  only  about  1  g  distillate  was  obtained,  whUe  a  small  quantity  of  halogen-containing 

•  This  fact  alone  is  clear  evidence  that  chloromethylatlon  had  uken  place  not  at  the  ring  but  at  the  side-chain, 

Ik  compounds  of  the  type  of  ClCH,C,H4COCl^  would  polymerize  so  easUy,  or. 

indeed,  that  they  would  show  any  tendency  at  all  to  polymerize. 


•  - 


material  crystallized  at  the  end  of  the  tide  tube  of  the  dbtillation  flask.  After  pressing  on  porous  tile,  the  crystals 
melted  at  46-19*.  According  to  the  litera:ure  [8]  6t:hloropropiophenone  C*i^OCHCHCl  melts  at  57*  and 
when  distilled  it  partially  changes  into  vinylphenyl  ketone  C*H|COCH  *  01%.  It  was  clear  in  the  light  of  all  these 
facts  that  the  product  in  the  second  fraction  was  mainly  6*chloropropiophenone,  i.e.,  in  the  case  also  of  aceto* 
phenone  the  chloromethylation  reaction  took  place  and  the  C1%G1  group  entered  the  side  chain. 

Oxidation  of  die  polymerized  product  gave  benzoic  acid  in  a  yield  of  about  40^  of  the  theoretical.  There¬ 
fore  these  data  likewise  confirm  out  conclusion,  for  if  chloromethylation  had  taken  place  at  tfie  Jing,  the  struciural 
unit  of  the  polymer  would  have  been  a  benzene  ring  with  two  side  chains,  and  oxidation  of  such  a  polymer  would 
have  yielded  phthalic  acids. 

SUMMARY 

1.  Side-chain  chloromethylation  was  effected  of  acetophenone  and  propiophenone,  although  these  com¬ 
pounds  are  reported  in  the  literature  to  be  not  at  all  amenable  to  chloromethylation. 

2.  Cleavage  of  HCl  froir  B*chloroi$opropylphenyl  ketone  gave  phenylisopropenyl  ketone  in  76^  of 
the  theoretical  yield.  The  latter  compound  has  not  been  described  in  the  literature. 

3.  Boron  fluoride  erherate  was  used,  for  the  first  time,  as  catalyst  in  the  chloromethylation. 
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NEW  OXIDATION  REDUCTION  INDICATORS 
HI.  p-  AND  m-N-PHENYLAMINOBENZOIC  ACIDS 


V.  M,  Cherkasov 


in  one  of  the  preceding  publications  [1]  phenylanthranilic  acid  was  proposed,  for  the  first  time,  at  an  oxida- 
lion-reduction  indicator.  Within  a  short  period  phenylanthranilic  acid  found  wide  application  in  analytical  cliemicnl 
practice  as  an  Indicator  with  a  high  potential.and  is  now  in  general  use.  It  was  therefore  natural  that  the  possibility 
of  using  the  isomers  of  phenylanthranilic  acid,  i.e.,  m-  and  p*phenylaminobenzoic  acids,  as  oxidation-reduction 
indicators  should  be  investigated.  A  comparative  study  of  the  three  isomeric  phenylaminobenzoic  acids  at  oxida* 
tiomrediiction  indicators  is  also  of  theoretical  interest,  for  such  a  study  is  bound  to  give  some  information  on  the  de¬ 
pendence  of  the  oxidation-reduction  p*  i.nial  on  the  relative  positions  of  the  phenylamino  and  carboxyl  groups  ib 
the  benzene  ring.  Strange  as  it  may  seem,  m-  and  p-N-phenylarainobenzoic  acids  have  not  hitherto  been  investigated, 
although  attempt?  to  prepare  them  have  been  repotted  in  the  literature  pj, 

The  purpose  of  the  present  research  was  the  preparation  of  m-  and  p-phenyiaminobenzoic  aoids  and  of  some 
of  their  derivatives  and  an  exploratory  study  of  these  new  compounds  as  oxidation-reduction  indlr-ators, 

r'  Goldberg  [2]  unsuccessfully  attempted  to  i^epare  m-  and  p-phenylaminobenzoic  acids  by  the  action  of  m- 
and  p-chloioberzoic  acids  on  ariline,  ox  by  the  action  of  m-and  p-aminobenzoic  acids  on  bromobenzene  in  presence 
of  copper  powder.  We,  too.  failed  to  obtain  m-and  p-phenylaminobenzoic  acids  when  we  repeated  Goldberg's  experi- 

*  It  is  known  that  the  phenylation  of  aromatic  amines  proceeds  most  readily  of  all  with  aryl  iodides  p,4l, 
and  least  readily  with  aryl  chlorides:  we  therefore  decided  to  attempt  the  preparation  of  m-and  p-phenylamlnoben- 
zoic  acids  by  using  the  corresponding  iodo  compounds.  By  reacting  lodobenzene  with  m-  and  p-aminobenzoic 
acids  in  preserv  e  of  Cu  powder,  we  prepared  m-  and  p-phenylamlnobenzoic  acids,  but  only  in  low  yields  (  — 4*Jfc). 
Somewhat  better  yields  15,  17<5t)  are  obtained  by  the  action  of  aniline  on  m*and  i>-.odobenzoic  acids  in  presence 
of  Cu  powder. 

p. Phenylaminobenzoic  acid  is  a  colorless  crystalline  compound  with  m.p.  158-159*;  m-phenylaminobenzoic 
acid  melts  at  141-142*.  Both  acids  are  good  oxidation-reduction  indicator  with  a  poten’ial  of  about  1.12  V,  i.e., 
very  close  to  the  oxidation-reduction  potential  of  phenylanthranilic  acid*.  Consequently  the  position  of  the  car¬ 
boxyl  in  relation  to  the  phenylamino  group  has  no  great  influence  on  the  magnitude  of  the  oxidation-reduction 
potential,  m-  and  p-Phenylaminobenzoic  acids  have  no  advantages  over  phenylanthranilic  acid  as  oxidation- 
reduction  indicaton. 

p  Phenylaminobenzoic  acid  was  characterized  by  the  Preparation  of  its  methyl  ester  and  its  hydrazidc.  Both 
of  these  substances  gave  a  coloration  with  oxidizing  agents  in  acid  solutions,  but  they  are  unsuitable  as  indicators 
because  the  coloration  is  irreversible. 

In  conclusion  we  thank  Professor  A.  V.  Kirsanov  sincerely  for  his  advice  during  this  investigation. 

EXPERIMENTAL 

P  N-Phenylaminobcnzoic  acid  A  mixture  of  9  g  p-iodobenzoic  acid,  9  g  anhydrous  potassium  carbonate, 

40  ml  freshly  distilled  aniline  and  0.2  g  copper  powder  was  refluxed  under  an  air  condenser  for  15  bouts.  The 

•Oxidation-reduction  potentials  were  determined  by  V.S  Syrokomsky  and  V.V.  Siepin  in  the  laboratory  of  the 
Ural  Institute  of  Heavy  Metals. 


salline  was  distilled  off  in  steam  and  the  solution  was  filtered  and  acidified  with  hydrochloric  acid.  The  ^eclpl- 
tate  was  drained,  washed  with  water  and  dried.  p-Iodobenzolc  acid  was  removed  by  treating  the  dry  precipitate 
several  times  with  hydrochloric  acid  sp.  gr.  1.19. 

The  drained  acidic  filtrate  was  diluted  with  water,  the  precipitate  was  drained  and  washed  with  water.  Th( 
dry  subsunce  was  dissolved  in  cold  benzene,  the  solution  was  treated  with  active  carbon,  the  benzene  was  distilled 
off,  and  the  crystalline  residue,  light  yellow  in  color,  was  twice  recrystallized  from  aqueous  alcohol.  Yield  of 
pure  product  about  the  theoretical.  p-N-Rienylamlnobenzoic  acid  forms  colorleu  needles,  soluble  In  ether 

and  benzene,  less  easily  soluble  in  alcohol,  and  soluble  with  difficulty  in  water.  M.p.  158-159*  (uncorr.).- 

9,482  mg  substance:  0.550  ml  (11*,  746  mm).  Found<J>:  N  6.69.  CijHnOjN.  Calculated^:  N  6.56. 

Methyl  ester  of  p-N-phenylamlnobenzolc  acid.  Methylatlon  with  dimethyl  suifate.  0.01  mole  (2.13  g) 
p-N-phenylaminobenzoic  acid  was  shaken  for  15  minutes  with  5.5  ml  of  2  N  sodium  hydroxide  and  1.40  g  dimethyl 
sulfate,  after  which  the  mixture  was  heated  on  the  water  bath  for  30  minutes.  On  cooling,  1.27  g  crystalline  pro¬ 
duct  came  down.  Crystallization  from  ethyl  alcohol  gave  the  methyl  ester  of  p-N-phenylamlnobenzoic  acid  in 
the  form  of  colorless  needles  with  .m.p.  115-116*;  sparingly  soluble  in  water,  soluble  in  ether  and  benzene. 

Methylation  with  dia-tomethane.  To  1  g  p-N-phenylamlnobenzoIc  acid  was  added  60  ml  of  a  solution  of 
diazomethane  in  ether  (from  5  ml  nitrosomethylurethane).  After  the  acid  has  dissolved,  another  30  ml  of  solution 
of  diazomethane  in  ether  (from  2.5  ml  nitrosomethylurethane  was  added.  The  ether  was  distilled  off  and  the 
methyl  ester  of  p-N-phenylamlnobenzolc  acid  was  recrystallized  from  alcohol  to  form  colorless  needles  with  m.p. 
115-116*.  It  did  not  depress  the  melting  point  of  the  methyl  ester  prepared  by  reacting  methyl  sulfate  with  p-N- 
phenylaminobenzoic  acid. 

10.121  mg  substance:  0.57  ml  N,  (12*,  747  mm).  Found  <55»:  N  6.49.  Calculated  N  6.26. 

Hydrazlde  of  p-N-phenylaminobenzoic  acid.  0.45  g  methyl  ester  of  p>-N-phenylamlnobenzoic  acid  was 
heated  on  the  water  bath  with  excess  of  hydrazine  hydrate  for  5  hours.  The  cooled  reaction  mixture  was 'diluted 
with  water  and  acidified  with  dilute  hydrochloric  acid.  The  hydrazlde  of  p-N-phenylaminobenzoic  acid  was  pre¬ 
cipitated  from  the  solution  with  potassium  hydroxide  and  after  recrystallization  from  alcohol  had  m.p.  193-194*. 

5.254  mg  substance:  0.87  ml  1^(13*  740  mm).  Found  N  18.81.  CuHtjON}.  Calculated  N  18.50. 

m-N-Phenylaminobenzoic  acid.  A  mixture  of  0.06  mole  (14.7  g)  m-iodobenzoic  acid,  10  g  poussium  car¬ 
bonate.  60  ml  aniline  and  0.2  g  copper  powder  was  refluxed  under  an  air  condenser  for  15  hours.  The  aniline  was 
distilled  off  in  steam  and  the  solution  filtered  and  acidified  .with  hydrochloric  acid.  The  dry  precipitate  was  ex¬ 
tracted  several  times  in  the  cold  with  benzene  until  the  benzene-insoluble  product  failed  to  give  a  blue-violet 
color  with  bichromate  in  sulfuric  acid.  Distillation  of  the  benzene  left  a  yellow  oil  which  crystallized  after  two 
days.  The  product  was  treated  with  sodium  carbonate  solution.  The  inxilubre  portion  (the  main  mass)  after  washing 
with  water  did  not  give  a  coloration  with  bichromate.  The  i^oduct  was  precipitated  from  the  sodium  carbonate 
solution  with  hydrochloric  acid;  a  brown  oil  separated  out  which  was  dissolved  in  acetone.  After  filtration,  the 
acetone  was  distilled  off  and  the  oily  residue  was  treated  with  several  lots  of  boiling  water.  l»se  combined  aqueous 
extracts  were  treated  with  active  carbon  and  filtered;  crystals  came  out  which  were  recrysulllzed  until  the  m.p. 
was  constant  at  140-141*.  m-N-Phenylaminobenzoic  acid  forms  colorless  prisms,  readily  soluble  in  ether  and  ace¬ 
tone,  less  readily  soluble  in  benzene  and  alcohol.  0.9  g  pure  product  was  obtained,  or  7<Jb  of  the  theoretical  yield. 

6  ?84  substance:  0.41  ml  1^  (15*.  742).  11.310  mg  substance:  0.67  rrl  (15*,  742  mg).  Found  ‘Jt:  N 
6.66,  6.71,  C^sHiiPjN.  Calculated  N  6.56. 

Test  of  indicators.  Indicator  tests  were  performed  with  0.001  N  potassium  bichromate.  0.001  M  solutions  of 
Indicators  prepared  by  dissolving  0.213  g  p-  and  m-N-phenylaminobenzoic  acids  and  0.1  g  sodium  carbonate  in  1 
liter  water.  The  total  volu.me  of  the  test  solution  was  100  ml.  Following  the  earlier  procedure  (2)  the  following 
characteristics  were  determined:  1)  limit  of  acidity  (normality  of  sulfuric  acid)  at  which  the  color  of  the  Indicator 
is  sufficiently  intense  for  titration;  2)  minimum  amount  of  Indicator;  3)  minimum  amount  of  oxidizing  agent;  4) 
stability  and  reversibility  of  the  indicator.  During  the  oxidation  of  p-N-phenylamlnobenzoic  acid  the  color  changes 
from  colorless  through  green  to  blue-violet .  Witn  m-N  phenylamlnobenzoic  acid  the  color  changes  from  green  to 
ue-violet  through  pink  and  the  final  color  is  weaker  than  that  of  the  p-isomer.  The  results  are  given  in  the  table. 

Wuen  oxidation  was  performed  with  cerium  sulfate  a  sufficiently  Intense  color  of  the  indicators  is  developed 
diuaiTm^  ower  acidity  (in  2  N  sulfuric  acid).  If  excess  of  oxidizing  agent  is  added  to  a  solution  containing  ions  of 
salt  Lnh  i  r  ^  indicators  is  developed  at  lower  acidity.  Consequently  titration  of  Mohr's 

with  both  indicators  i,  possible  in  5.6  N  sulfuric  .cld.  The  Indicator  error  was  determined  by  titrating  solutions 
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of  Mohr’i  salt  with  bichromate  in  presence  of  the  new  indicators  side  by  side  with  titrations  with  diphenylamine 
sulfonic  acid  and  phenylanthranilic  acid.  Identical  results  were  obtained. 

TABLE 


Phenylaminobenzoic  acid 


m-Phenylaminobenzoic  acid 


ox  id  ation-reduction  potential _ 

acidity  at  which  color  is  developed, 
change  of  color  with  Increased  acidlt; 


1.12  V _ 

3N. 

6.5  N  pale  violet 


about  1.12_V _ _ 

2  N  pale  green 

5.0  N  develops  pink  color 

6.5  N  intense  pink  color 

7.5  N  pale  violet  color,  rapidly 

changing  to  pink . . .  _  . 

9  N  blue-violet  color 
optimum  10  N  _  .  1  ..  . 


limit  of  acidity 


7,5  N  optimum  9  N 


minimum  of  oxidizing  agent  in 


optimum  conditions  _ _  _ 

min^num  amount  of  indicator 
color  stability  m  optimum  conditions 


1  ml  optimum  2  ml 
1  ml 


1  ml  optimum.?  ml 
1.5  ml  _ 

1  hour 


SUMMARY 


1.  p-  and  in-N-phenylaminobenzoic  acids  have  been  synthesized. 

2.  It  Is  shown  that  the  introduction  of  the  c.'rboxyl  group  into  the  diphenylamine  molecule  considerably 
increases  the  oxidation-reduction  potential  of  the  indicator,  and  the  position  of  the  carboxyl  group  hardly  influences 
the  oxidation-reduction  potential. 

3.  m-  and  p-N-phenylaminobenzoic  acids  can  be  applied  in  titration  with  strong  oxidizing  agents  such  as 
bichromate  and  salts  of  tetravalent  cerium. 


LITERATURE  CITED 


[1]  A.  V.  Kirsanov  and  V.  M.  Cherkasov,  Factory  lah,  2,  143  (1946), 

[2)  J.  Goldberg,  Ber.,  40.  4541  (1907). 

[3J  J.  Houben,  W,  Brassert,  Ber,,  39,  3238  (1906). 

[4}  F.  UUmann,  Ann.,  355,  320  (1907), 


N.  F.  Gamalei  Biochemical  Laboratory 
of  the  D'''epropetrovvk  Kesearch  Institute 
for  Epidemiology  and  Microbiology 


Received  September  11,  1951 


STUDIES  ON  QUINONES 


I.  REACTION  OF  P'BENZOQUINONE  WITH  ACYLAMINOSULFINIC  ACIDS 

I.S.  Ioffe 


It  ii  over  100  years  since  the  discovery  of  p-benzoquinone  by  the.  "father  of  Russian  chemistry",  A.  A. 
Voskresensky.  This  compound  was  the  forerunner  of  a  large  group  of  qulnones  of  great  theoretical  and  practical 
importance.  Among  quinone  derivatives  we  may  include  dyes,  both  natural  and  synthetic.  Many  natural  organic 
compouTids  possessing  physiological  activity  arc  also  quiiione  derivatives..  Quinones  have  therefore  attracted  con¬ 
siderable  attention  and  have  been  the  object  of  numsous  Investigations.  Nevertheless  the  reactions  of  these 
chemically  very  active  compounds  have  not  been  exhausted.  Descriptions  of  new  quinone  reactions  are  frequently 
appearing  in  the  literature  and  many  of  these  reactions  have  not  been  sufficiently  developed.  This  is  true  of  the 
reaction  of  quinone  with  sulfinlc  acids,  described  for  the  first  rime  in  1894  by  Ginsberg  p.]. 


We  have  made  a  study  of  the  products  of  reaction  of  p^nzoquinone  with  acylamlnobenzenesulfinic  acids, 
which  are  genetically  related  to  sulfanilamide,  in  particular  with  p-acetylaminobenzenesulfinic  acid  (I)  and  p- 
(methoxycarbamino)-benzenesulfinic  acid  (U). 
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p-Acetylaminobenzene  sulfinic  acid  [2]  is  prepared  by  reduction  of  p-acetylaminobenzene  sulfochloride 
with  sodium  sulfite.  In  similar  conditions,  starting  from  the  p-sulfochloride  of  meUioxycarbaminobenzene 
(phenyluiethylane),  we  prepared  the  previously  undescribed  sulfinic  acid  (II). 


These  sulfinic  acids  enter  very  quirkly  into  reaction  with  p-benzoquinone.  Tlie  resultant  products  are  al¬ 
most  completely  insoluble  in  hot  water.  We  exploited  this  property  in  developing  a  very  simple  method  for  the 
nearly  quantitative  preparation  of  products  of  reaction  of  p-benzoqulnone  with  the  aforementioned  sulfinic  acids. 

To  a  boiling  aqueous  solution  of  the  latter  is  added  the  finely  pulverized  quinone  in  small  portions  and  with 
energetic  stirring.  Addition  of  each  portion  of  quinone  is  marked  by  the  appearance  of  a  yellow  color  in  the  solu¬ 
tion,  but  this  disappears  almost  instantaneously  and  a  colorless  condensation  product  is  precipitated. 

Analyses  and  an  examination  of  the  properties  of  the  products  showed  that  they  were  formed  by  the 
addition  to  one  molecule  of  quinone  of  one  molecule  of  sulfinic  acid  (I)  or  (U).  Such  addition  products  contain 
an  unchanged  acylammo  group  and,  as  shown  by  quantitative  acetylation,  two  hydroxyl  groups.  This  proves 
that  addition  of  sulfinic  acids  to  the  quinone  takes  place  through  the  sulfinic  groups  with  formation  of  4*acylarainO' 
2*.  5*  dihydroxydlphenylsu.ifones  with  the  structures  (ill)  and  (IV)  respectively. 


These  compounds  are  probably  formed  by  the  scheme  common  to  qulnonet: 


with  rearrangement  of  the  product  of  addition  into  the  hydroxy  derivative  (IIQ  or  (IV). 
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Quinones  react  according  to  this  scheme  with  other  compounds,  for  example,  amines.  In  the  majority  of 
cases,  however,  the  reaction  does  not  stop  at  formation  of  the  hydroquinone  derivative,  since  the  latter  is  oxidizet 
by  the  original  qulnone  with  formation  of  still  another  new  qulnone  derivative  which  is  either  precipitated  or 
enters  into  reaction  with  a  fresh  molecule  of  the  reaction  component.  The  consequence  is  that  the  yield  of  con¬ 
densation  product  does  not  exceed  50  or  33^  (depending  on  the  number  of  combining  residues)  of  the  amount  of 
initial  quinone; 

In  the  condensation  of  quinone  with  sulflnlc  acids  however,  the  reaction  stops  at  the  stage  of  formation 
cf  the  hydroquinone  derivative  and  the  yield  of  this  product  approaches  100*^.  This  difference  in  the  course  of  rC' 
action  of  quinone  with  sulfinlc  acids  is  explained,  on  the  ore  hand,  by  the  fact  that  the  formed  hydroquinone  deri 
ative  IS  substantially  insoluble  in  hot  water  and  it  precipitated,  and.  on  the  other  har>d,  by  the  fact  that  quinone 
derivatives  containing  sulfone  resd'fs  possess  higher  oxidation  potentials  than  unsubstituted  quinones.  Thus,  accor 
ing  to  Fleser's  data  [3],  in  the  a -naphthoquinone  series  the  introduction  of  the  tolylsulfonic  residue  raises  the 
oxidation  potential  by  121  mV.  Hence  qulnone  derivatives  contal''lng  sulfonic  residues  must  possess  stronger  oxid 
izing  properties  than  unsubstituted  quinones.  In  the  case  under  discussion  therefore  the  qulnone  no  longer  oxidize 
the  hydroquinone  derivatives  (ill)  or  (IV). 

These  two  compounds  differ  in  the  character  of  the  radical  which  acetylates  the  amino  group.  Their  sapoi 
fication  yields  one  and  the  same  amino  compound,  4  aminO‘2*,  5’ dihydroxydiphenylsulfone  (V).  The  acetyl  derh 
live  (III)  is  readily  saponified  by  both  hydrochloric  acid  and  caustic  alkali.  Bui  the  acyl  derivative  (IV)  Is  not  sap 
onified  by  acid  and  remains  unchanged  even  after  prolonged  boiling  with  hydrochloric  acid,  it  is  only  saponified  b 
alkali. 
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The  ammo  compound  (V)  is  soluble  in  hot  water.  The  best  medium  for  crystallization  of  the  compound  is 
dilute  alco’rol.  •  Colorless  crystals  ate  thus  obtained  with  m  p.  175  176*  which  are  soluble  both  in  dilute  caustic 
alkali  and  in  dilute  hydrochloric  acid.  The  hydrochloride  of  4-amino-2V  5'  dihydroxydiphenylsulfone  is  prepared 
by  dissolving  the  amine  in  hot  hydrochloric  acid  ard  then  cooling  the  solution  It  comes  down  in  the  form  of 
colorless  crystals  with  m.p.  208-210*.  The  hydrochloride  hydrolyzes  in  water  with  separation  of  ihe  free  amine. 

Gentle  heating  of  the  amino  compound  with  acetic  anhydride  leads  to  acetylation  of  only  the  amino  group 
with  formation  of  4-acetylamlno-2’,  5'  dihydroxydiphenylsulfore  (111)  which  forms  colorless  crystals,  m.p.  282-285 
identical  with  the  product  of  condensation  of  quinone  with  acctylaminobenzene  sulfinic  acid.  Acetylation  with  a 
mixture  of  acetic  anhydride  and  pyridine  leads  to  acetylation  not  only  of  the  amino  group  h',.t  also  of  the  hydroxy 
groups  with  formation  of  a  triacetyl  derivative  Vl).  in  contrast  to  the  monoaceryl  derivative  (III),  the  triacetyl 
derivative  (Vi)  is  soluble  in  hot  alcohol;  it  crystallizes  in  the  form  of  colorless  crystals  which  melt  at  180-182*. 

The  same  triacetyl  derivative  is  obtained  by  acetylaton  with  acetic  anhydride  in  pyridine  of  the  monoacetyl 
derivative  (III). 

The  ulacetyl  derivative  (VI)  slowly  goes  mto  solution  when  treated  with  cold  caustic  alkali  solution. 
During  this  operation  only  the  acetoxy  groups  a*e  saponified  and  idification  of  the  solution  leads  to  precipiution 
of  4-aceiamlno  2'.5’  dihydroxydiphenylsulfone.  By  hearing  with  alkali  the  aceiamino  group  is  also  saponified  with 
formation  of  the  ammo  compound  (V). 

The  interrelations  of  4  amino-2  .5  dihydroxydiphenylsulfone  with  its  mono-  and  triacetyl  derivatives  may 
be  represented  by  the  following  scheme: 
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experimental 


I 


•  I  ; 

L  4-AcetylamL->o-2\5*“dihydToxvdiphenvlsjIfone  (TTn,  [  ■ 

a)  Prepafatton  .  20  g  p-acetaminobenzenesulflnlc  acid  U  dissolved  In  500  ml  boiling  watei.  The  solution 
Is  filtered,  again  brought  to  the  boll  and  addition  is  made,  in  small  portions,  of  11  g  xnzoqulnone  with  good 
stirring.  During  the  introduction  of  each  poition  of  the  qulnone  the  solution  turns  orange-yellow,,  but  this  color 
vanishes  almost  at  once.  The  solution  rapidly  begins  to  deposit  the  colorleu  condensation  product,  thd  quantity  of 
which  steadily  increases.  Toward  the  end  of  the  experiment  the  quinone  is  added  in  extremely  small  portion^. 

When  at  a  certain  moment  the  color  does  not  disappear,  addition  is  made  to  the  suspension  of  a  few  milliliters  of 
a  solution  of  acetaminobenzenesulfinic  acid  until  decolorlzation  is  complete.  The  suspension  is  then  boUed  for 
a  further  15  minutes,  after  which  the  precipitate  Is  filtered,  washed  on  the  filter  with  hot  water,  and  dried.  Yield 
30  g,  which  is  very  close  to  the  theoretical. 

b)  Prope^’tles,  The  compound  is  very  poorly  soluble  in  organic  solvents,  almost  completely  Insoluble  in 
water.  It  dissolves  readily  in  dilute  caustic  alkali  solutions  with  formation  of  a  pale  yellow  solution  which  when 
acidified  deposits  the  original  compound  in  the  form  of  slerder,  coloiless  needles  (as  viewed  under  the  microscope). 

Heatirg  of  the  alkaline  solution  causes  tapo'^ification  with  io^matlonof  the  amiro  compound.  It  also  saponifies 
when  heated  with  inorganic  acids.  It  crystallizes  from  laige  volumes  of  acetic  acid  or  alcohol  in  the  form  of 
colorless  needles  melting  at  282"285‘’  after  darkening. 

0.1322  g  substance:  0.0978  g  BaS04.  0,1622  g  substance;  0.1214  g  BaS04.  Found  S  10.20, * 

10.29.  Ci4H4^4NS.  Calculated ‘55):  S  10.40. 

Determination  of  hydmxyl  groups  by  quantitative  acetylation. 

0.0030  g  subsunce:  6.9  ml  0.1  N  NaOR  0.1246  g  substance:  3.3  ml  0.1  N  NaOH.  Found  OH  11.28, 

11.32.  Cj,Hi.O,NS(OH),.  Calculated ‘5fc:  CH  11.C8. 

II.  4-Acetylamino2V5*diacetoxydiphenylsulfone  (VI) . 

a)  Preparation.  3.1  g  4-acetoxy-2*,5*-dihydroxydiphenylsulfone  is  introduced  into  a  mixture  of  40  g  pyridine 
and  10  g  acetic  anhydride.  The  precipitate  goes  into  solution  when  heated  on  the  water  bath.  Heating  on  the  water 
bath  IS  contini’ed  for  a  further  hour,  after  which  the  nearly  colorless  solution  is  poured  into  300  ml  hot  water.  On 
cooling,  the  acetylation  product  separates  in  the  form  of  needles.  These  are  filtered,  washed  with  water  and  then 
crystallized  from  aqueous  alcohol.  Yield  of  crystalline  substance  2.5  g  or  64^  of  the  theoretical. 

b)  Properties.  The  compound  is  highly  soluble  in  hot  water,  alcohol  and  acetic  acid.  It  crystallizes  from 
slightly  aqueous  alcohol  or  from  pure  alcohol  in  the  form  of  colorless,  beautifully  formed,  slender  needles.  It  melts 
sharply  at  182-184".  It  dissolves  slowly  in  cold  caustic  alkali  solution  with  saponification  of  the  acetoxy  groups. 

Acidification  of  this  alkaline  solutiun  brings  down  4  acetyl imino  2'.-5’  dihydroxydiphenylsulfore  with  m.p.  282- 
285*“.  iicating  with  alkali  causes  saponification  also  of  the  acetamiro  group  with  formation  of  the  amino  compound. 

0.1560  g  substance:  0.0924  g  BaS04  0,1542  g  substance:  0,0934  g  BaS04.  Found  S  8.13,  8,3" 

Cal:ui:.ted  ‘5t:  S  8.18. 

III.  4-Methoxycarbamino  2V5*-dihydroxydiphenylsulfor!e  ([V). 

a)Pre paration  22  g  p-methoxycarbaminobenzenesulimic  acid  prepared  by  reaction  of  p-methoxycarbam- 
inobenzenesulfochloride  with  sodium  s^jlfite  is  dissolved  In  500  ml  boiling  water  and  to  the  filtered  solution  is 
added,  with  boiling  and  good  stirring  11  g  p  berzoqjin<''f’e.  The  reaction  proceeds  as  in  that  of  quinone  with  p- 
acetylaminobenzenesulfiric  acid.  The  reaciio'’  product  poorly  soluble  m  hot  water  comes  out  of  solution,  it  is 
filtered,  washed  with  hot  water  and  dried.  Yield  32  g  or  97'5bof  the  theoretical. 


b)  Propeities  Colorless  crystals  poorly  soluble  in  alcohol  and  acetic  acid  sparingly  soluble  in  hot  water 
from  which  it  crystallizes  on  cooling'  m.p.  210  211\  Ve»y  stable  when  heated  with  inorganic  acids  and  unlike  4- 
acetylamino-2’,5’-dihydroxydiphenylsijlfone.  is  not  saponified  in  these  conditions.  U  only  saponifies  when  heated 
with  caustic  alkalies. 

0.1566  g  substance:  0.1118  g  BaSO^,  0.1536  g  substance:  0.1114  g  BaSO^  Found  °Jif.  S  9  81,  9.96. 
CuHjjO.NS.  Calculated  %  S  9.91. 

IV  4-Amino-2*  5*-dihydioxydiphenylsulfone  (V). 

a)  Preparation  by  acid  saponification  of  4  acetamino  2^  5‘ dihydroxydiphenylsulfone,  30  g  4-acetamino- 
2  .5*  dihydrox ydiphe  “'yliulfcne^is  intioduced  into  150  ml  10*55)  hydiochloric  ac'd  and  rhp  -.uspetsion  is  heated  at 
the  boil  in  a  flask  under  a  reflux  condenser  until  the  precipitate  dissolves  completely.  The  solution  is  evaporated 


>; 


to  dryness  on  the  w/iter  bath.  The  dry  precipitate  is  dissolved  in  200  ml  hot  water  to  which  is  added  a  small  j|| 
quantity  of  hydrochloric  acid,  and  the  obtained  solution  is  filtered  after  treatrnent  with  animal  charcoal.  The 
filtrate  is  stirred  into  a  hot  soiution  of  30  g  sodium  aceute  in  200  ml  water.  The  amino  compound  separates  as 
colorless  floes  which  are  stood  for  12  hours  and  then  filtered,  washed  with  water  and  dried.  Yield  22  g  or  83^ 
of  the  theoretical.  , 

b)  Preparation  by  alkaline  saponification  of  4-acetamlno-^2'.5*-dlhydroxydiphenylsulfone  .  30  g  4-acet- 

amiho-2*.5’-dihydroxydiphenylsulfone,is  dissolved  in  150  ml  10<5t  sodium  hydroxide  and  the  solution  is  brought 
to  the  boil.  The  completion  of  the  reaction  it  recognized  by  the  formation  of  a  transparent  solution  when 
hydrochloric  acid  U  added  to  a  sample.  Addition  u  then  made  to  the  reaction  mass  of  50  ml  20^  acetic  acid: 
after  standing  for  12  hours  the  amino  compound  comes  down  and  it  filtered,  washed  with  water  and  dried. 

Yield  23^  or85faof  the  theoreticaL 

c)  Preparation  by  alkaline  saponification  of  4*methoxyetrbamlno-2*-5*-dihydroxydlphenylsulfone.  32  g  of 
the  methoxycarbamlno  compound  is  dissolved  in  150  ml  10^  sodium  hydroxide  and  the  saponification  is  conducted 
at  in  the  preceding  experiment.  Yield  of  product  the  same. 

d)  Properties.  Colorless  crystalline  substance,  readily  soluble  in  alcohol  and  acetic  acid;  slightly  soluble 
In  hot  water.  Crystallizes  nicely  from  aqueous  alcohol  on  addition  of  traces  of  bisulfite.  Melts  with  darkening  at 
175-176*.  Forms  a  hydrochloride  which  crystallizes  from  10^  hydrochloric  acid  in  the  form  of  colorless  crystals. 
Gentle  beating  with  acetic  anhydride  convera  it  into  4-acctamino-2*,5*-dihydroxydiphenyl$ulfone,  separating  as 
crystals  with  m.p.  282-285*.  Heating  with  acetic  anhydride  in  presence  of  pyridine  converts  it  into  4-acctamino-2*,| 
5*-ducetoxyd?phenyls>ilfone  which  melts  at  180-182*  after  crystallization  from  aqueous  alcohol.  The  compound 

is  soluble  in  caustic  alkalies,  but  the  alkaline  solutions  gradually  darken  on  standing.  The  aqueous  solutions  turn 
brown  when  treated  with  oxidizing  agents  and  a  brown  precipitate  is  formed. 

0.1344  g  substance:  0.1188  g  BaS04.  0.1120  g  substance:  0.0980  g  BaS04.  Found  <Ji.:  S  12.14,  11.82. 
CuHu04NS.  Calculated  <5t:  S  12.8. 

e)  Hydrochloride.  Formed  by  dissolving  the  amino  compound  in  hydrochloric  acid.  Crystallizes  from  10^ 
hydrochloric  acid  solution  as  colorless  crystals,  m.p.  208-210*.  It  is  easily  hydrolyzed  in  water  from  which  the 
amino  compound,  m.p.  175-176*,  comes  down.  The  tah  is  statie  when  kept  in  a  desiccator  in  .the  dry  state. 

SUMMARY 

of  p-fcenzoquinone  with  acylaminoberrzcnesulfinic  acids  yields  colorless  products  of  condensation 
of  equimolar  amounts  of  the  starting  components.possessing  the  structure  of  4-acylamino-2’,5’-dihydroxydIpheny!- 
sulfone.  Saponification  gives  4-amino-2*,5*-dihydroxydipbenylsulfone.  Mild  acetylation  of  the  latter  leads  to 
acetylation  of  only  the  amino  group,  but  acetylation  with  acetic  anhydride  in  pyridine  leads  to  acetylation  also  of 
the  hydroxy  groups  with  formation  of  the  triacetyl  derivative  -  4-aeetylaraino-2*,5*-dIacetoxydiphenylsulfone,  Only 
the  acetoxy  groups  are  saponified  by  treatment  with  cold  alkali  solution.  Full  saponification  occurs  on  heating 
with  alkali  and  4-amino-2',5*-dihydroxydiphenylsulfone  u  formed. 
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ORIENTATION  PHENOMENA  IN  SUBSTITUTION  REACTIONS  WITH  PARTICIPATION  OF 

ORGANIC  COMPOUNDS  OF  ALKALI  METALS 
B.  M.  Mikhailov  and  V.P.  Bronovitikaya 


With  the  aim  of  throwing  light  cn  the  controversial  question  as  to  whether  organic  compounds  of  the  alkali 
metals  are  to  be  regarded  as  electrophilic  or  r^Mclcophilic  reagents,  we  undertook  a  study  of  orientation  phenomena 
in  reactions  with  participation  of  bromine  arid  phenyllithium  in  the  anthracene  senes.  Anthracene  derivatives  are 
convenient  materials  from  the  systematic  standpoint. 

Starting  materials  were  2-methylanthracene  and  2'methyl*9,10  dibromoanihracenc.  When  one  equivalent  of 
bromine  was  reacted  with  a  carbon  bisulfide  solution  of  2-metbylanthracene  (I),  one  of  two  possible  mesolsomers,  2- 
mcthyl-9  bromoanthracene  (II),  was  separated  in  63^  yield,  which  face  perraiKt^e  conclusion  that  substitution  takes 
place  mainly  in  the  S^position.  The  structure  of  the  bromo  compound  (II)  was  established  by  its  transformation  into 
the  dimethyl  co.npound  by  replacing  the  bromine  atom  by  lithium  followed  by  reaction  of  the  organolithium  comr 
pound  (III)  with  methyl  iodide.  The  resultant  hydrocarbon  was  2,9-dimethylanthracene  (IV),  identical  with  the 
hydrocarbon  formed  by  the  Grignard  reaction  between  methyl  magnesium  iodide  and  2  -inethylanthrone-9: 


if 
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Having  established  the  orientating  effect  of  a  substituent  of  the  first  order  in  relation  to  the  electrophilic 
reagent  (bromine),  we  turned  our  attention  to  the  second  half  of  the  problem  -  the  elucidation  of  the  direction  of 
reaction  with  participation  of  an  organomeiallic  compound  (phenyllithium).  In  this  connection  we  did  not  study 
the  hydrogen-lithium  exchange  leaction  (metalation)  -  the  usual  procedure  up  to  now  -  but  the  halogen  meul  ex¬ 
change  reaction,  and  more  precisely  the  action  of  phenyllithium  on  2-methyl-9,10  <iibromoanthTac£ne.  Our  selec¬ 
tion  of  this  type  of  reaction  was  influenced  by  the  consideration  that  replacement  of  hydrogen  atoms  by  bromine 
in  the  2-methylanthracene  molecule  does  not  change  the  relative  electro-negativity  of  the  meso  carbon  atoms  and 
consequenUy  does  not  reflect  the  direction  of  reaction  with  the  organometallic  reagent,  whereas  replacement  of 
halogen  by  metal  proceeds  more  quickly  and  completely  and  is  not  complicated  by  intermediate  reactions  as  is 
the  case  with  meulation  when,  for  example,  toluene  is  first  metalated  at  the  methyl  group  and  subsequent  metala¬ 
tion  in  the  ring  is  governed  not  by  the  methyl  group  but  by  the  methyl  metal  gtoup. 

Reaction  of  one  equivalent  of  phenyllithium  with  2-methyl-9,10dibromoanrhracene  (V)  followed  by 
hydrolysis  of  the  formed  isomeric  organolithium  compounds  gave  one  of  the  two  possible  isomers,  2-meihyl-9-btomo* 
anthracene  (ll),  but  the  low  yield  (24^o)  did  not  permit  a  decision  as  to  whether  the  preferred  course  of  the  halogen- 
metal  exchange  reaction  wa«  at  the  9-  or  the  19-  position.  The  products  of  reaction  of  phenyllithium  with  2- 
methyl-9,10-dibromoanthracene  were  then  subjected  to  carboxylation,  and  from  the  obtained  carboxylic  acids  we 
were  able  to  isolate  an  acid  (m.p.  238*)  in  the  pure  form  in  a  yield  of  59^  of  the  theoretical.  This  acid  proved 
to  have  the  structure  of  2-methyl--9-bromoanthracene-10'carboxylic  acid  (VI).  This  structure  was  established  by 
comparison  with  a  specimen  of  the  isomeric  acid,  2-meihyl-10-bromoanthracene-19-car'ooxylic  acid  (VUI). 
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The  latter  wai  prepared  by  the  following  series  of  iransfoi .nations  which  left  no  doubt  about  its  structure. 

Treatment  of  2-methyl*9-bromoanthracene  (II)  with  n-butyllithium  gave  the  organolithium  compound  (III); 
carboxylation  of  the  latter  gave  2'meL’.ylanthraccne*9carboxylic  acid  (Vll),  which  was  converted  by  bromination 
into  acid  (VIII)  with  m  p.  230  5^  The  position  of  the  bromine  in  the  ac  .  was  confirmed  by  oxidation  to  2-methyl- 
anthrxquinone. 

A  mixed  sample  of  acid  (VI)  and  (VIII),  whose  melting  points  are  fairly  close,  had  a  lower  melting  point. 


Hence  the  action  of  phenyllithium  on  2-methyl-9,  10-diNomoanthracene  is  marked  by  preferential  substi¬ 
tution  by  lithium  of  the  bromine  atom  in  the  lO-position,  i.e.,  the  methyl  group  manifests  an  opposite  orientating 
influence  in  substitution  reactions  with  participation  of  organometallic  and  electrophilic  reagents.  From  this  it 
follows  that  organometallic  compounds  should  be  regarded  not  as  electrophilic  reagents  (Mor^n)  but  as  compounds 
which  in  course  of  reaction  suffer  breakdown  into  radicals  and  which  function  as  nucleophilic  reagents,  in  the  same 
manner  as  metallic  sodium  (IX  due  to  a  tendency  of  the  metal  atom  to  change  into  a  cation. 

The  theory  of  the  nature  of  organomf  tallic  reagents  here  propounded  I*  in  direct  contradiction  to  the  theorie 
enunciated  in  the  literature  [2X 

Various  concepts  of  the  character  of  organometallic  reagents  have  been  advanced  because  the  problem  of 
orientation  with  then  participation  is  a  complex  one,  and  the  whole  of  the  experimental  material  relating  to  the  re¬ 
actions  does  not  fit  into  the  framework  of  any  single  substitution  scheme,  and  gives  occasion  to  regard  organometal¬ 
lic  compounds  sometimes  as  nucleophilic  reagents  and  in  other  cases  as  electrophilic  ones.  For  example,  fluoroben- 
zene  and  triphenylamine  which  contain  ortho-para-orientatlng  substituents  in  respect  of  electrophilic  reagents,  are 
metalated  differently,  fluorobenzene  in  the  ortho -posit ion  and  triphenylamine  in  the  meta-position. 

The  totality  of  conflicting  phenomena  of  substitution  in  metalation  processes  can  be  reconciled  and  system¬ 
atized  if  we  assume  that  in  the  final  organometallic  compounds  containing  alkali  metal  in  the  ortho-position  to  an 
electronegative  sub  t  tuen^as  for  example  in  o-lithium-fluorobenzene.  there  is  efiected  a  bond  between  metal  and 
heteroatom  similar  in  character  to  the  hydrogen  bond  Formation  of  a  hydrogen-like  bond  between  metal  and 
heteroatom  energetically  stabilizes  the  system  and  is  therefore  a  thermodynamic  factor  promoting  the  substitution 
reaction  in  the  ortho  position. 

The  theory  propounded  above  appears  entirely  plausible  if  we  consider  that,  first,  the  distance  between 
the  alkali  metal  and  the  heteroatom  when  in  the  ortho- position  to  each  other,  for  example  in  o-lithium-fluotoben- 
zene  or  o-lithium-anisole,  is  of  the  same  order  (2.75  A)  as  in  compounds  containing  a  typical  hydrogen  bond  (2.25* 

3  A)  and  second  organic  compounds  of  alkali  metals  tend  to  form  complexes  (3],  The  justification  for 
postulating  the  occurrence  of  a  hydrogen -like  interaction  between  the  alkali  metal  and  the  atom  of  the  electro¬ 
negative  element  is  founded  on  the  totality  of  metalation  reactions  of  variously  constituted  aromatic  and  hetero¬ 
geneous  compounds.  A  comparison  of  the  factual  material  relating  to  this  field  of  transformations  leaves  no  doubt 
also  that  in  cases  lyhen  the  reaction  course  is  not  complicated  by  the  supplementary  effects  of  hydrogen-like  inter¬ 
actions  of  the  si.bsntuents  the  organometallic  compounds  behave  unmistakably  like  nucleoiliilc  reagentt. 

Indeed  in  compounds  with  ortho-  and  para -orientations  which  are  electropositive  (in  phenyllithium  and 
enzylsodium)  or  weakly  e.ectronegative  (in  triphenylamine,  triphenylarsine  and  triphenylphosphine)  metalation 
takes  place  in  the  meta- position.  In  all  compounds,  however,  with  strongly  electronegative  substituents  capable  of 
ejnering  into  reaction  with  alkali  metals,  substitution  takes  place  in  the  ortho-position. 
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Compoundi  of  the  latter  type  fall  Into  two  groups.  First,  we  have  compounds  conulning  ortho-  and  para- 
directive  subsUtuenu  and  undergoing  substitution  under  the  action  of  both  electrophUlc  and  organometalllc  reagenu 
in  the  ortho-position,  and  therefore  justifying  the  classification  of  organic  compounds  of  the  alkali  metals  as  electro- 
philic  reagents.  Examples  are  fluorobenzens,  aniline,  sodium  phemhc;  anisole,  furane,  thiophene  and  a  series  of 
othet  compounds. 

The  second  group  will  include  representatives  of  the  benzene,  diphenyl  and  heterocyclic  series.  In  these 
no  consistency  of  orientation  Is  observed  when  using  electrophilic  and  metalating  reagents.  In  this  group  of  com¬ 
pounds  substitution  under  the  action  of  the  latter  reagents  likewise  takes  place  In  the  ortho-position  to  the 
heteroatom. 

As  examples  we  may  cite  the  transformations  of  diphenyl  ether  (metalation  In  the  2-posltion  [41  halogen- 
ation  in  the  4 -position  [5])  dibenzofuran  (rrctalation  In  the  1-positlon  [6,4],  h^logenation  in  the  3*position  [7»bJ 
and  many  other  compounds. 

EXPERIMENTAL 

2-MeThyla'^thracene .  5  g  2-inethylanthraquinone,  4.5  g  granulated  tin  and  34  ml  glacial  acetic  acid  are 
heated  to  boiling  in  a  flask  under  a  reflux  condenser.  Addition  Is  made  to  the  boiling  solution  over  a  period  of  two 
hours  of  11.5  ml  concentrated  hydrochloric  acid  (spgil.l9)  in  1  ml  portions.  The  reaction  mass  is  then  diluted 
with  50  ml  water  and  the  yellow  precipitate  is  filtered  off. 

A  mixture  of  the  prepared  methylanthrone,  6  g  zinc  dust  and  100  ml  2  N  NaOH  was  boiled  for  3  hours.  The 
precipitate  was  filtered  and  treated  wilh  10"^  hydrochloric  acid  for  removal  of  unreacted  zinc  dust.  The  obtained 
hydrocarbon  was  crystallized  from  benzcne-alcohoL  M.p.  208-209“.  Yield  72.7^ 

2-Methylanthracene  has  previously  been  prepared  by  reduction  of  2-methylanthraquinone  with  zinc  dust  and 
ammonia  [9]  or  by  heating  with  zinc  dust  at  high  temperature  [10];  yields  mt  specified,  m.p.  207*. 

2-Methyl-9-bromoanthracene; 

a>  To  a  carbon  bisulfide  solution  (75  ml)  of  3  g2-methylanthracene  (cooled  to  0“)  in  a  three-c  eked  flask 
fitted  with  mechanical  stirrer,  reflux  condenser  and  dropping  funnel,  was  added  very  slowly  and  with  energetic  stir¬ 
ring  a  catbon  bisulfide  solution  (15  ml)  of  2.5  g  bromine.  The  reaction  mass  was  then  stirred  on  the  water  bath  until 
hydrogen  bromide  ceased  to  be  evolved;  the  solvent  was  then  distilled  off  and  the  residue  crystallized  from  alcohol. 

There  was  obtained  2,8  g  of  a  substance  with  m.p.  84-Sl*;  a  less  pure  fraction  was  recovered  from  the 
partially  concentrated  nother  liquor,  and  after  crystallization  from  dioxane-alcohol  it  melted  at  91-94*  (0.36  g). 

The  yield  of  bromo  compound  melting  over  a  three  degree  range  was  equal  to  63^ 

After  rectystallization  from  alcohol,  2-methyl-9-bromoanthracene  formed  yellow,  transparent  rhombic 
platelets  with  m.p.  94.5-95.5*. 

4.979  mg  substance:  12.106  mg  COj;  1.757  mg  1^0.  Found  *51):  C  66.35;  H  3.94.  CijriuBr.  Calculated 
C  66.42:  H  4.09. 

b)  To  a  solution  of  phenylliihlum(0.0058  mole)  was  introduced  slowly  2  g  2-methyl-9,10-dibromoanthra- 
cene  (m  p.  141-142*  [11]).  At  the  end  of  30  minutes  the  organolithium  compound  was  hydrolyzed  with  an  ethereal 
solution  of  methanol,  the  reaction  mixture  was  washed  with  water,  the  ether  driven  off  and  the  residue  (1.63  g) 
crystallized  from  alcohol.  There  was  obtained  0.52  g  substance  with  m.p.  82-87®,  this  was  crystallized  from  1:1 
dioxane-alcohol  to  give  0.24  g  with  m.p.  93-95*  and  0.12  g  wilh  m.p.  88-91  in  the  form  of  yellow  platelets. 

Yield  24*5^01  the  theoretical.  The  melting  point  of  a  mixture  of  the  compound  melting  at  93-95  with  2-methyl- 
9  bromoanthracene  prepared  by  bromlnatlon  of  2-methylanihracene  was  not  depressed. 

From  the  evaporated  mother  liquor,  after  separation  of  a  fraction  weighing  0.52  g.  there  was  isolated 
0.81  g  of  a  low  melting  mixture  of  bromo  compounds  wilh  m.p.  44-62  .  Chromatography  on  alumina  followed 
by  crystallization  from  alcohol-ether  gave  a  product  with  m.p.  43-63‘  which  was  found  by  analysis  to  be  a 
mixture  of  the  isomeric  2-methyl-9'4>romo-  and  2-methyl-lO-bromoanthracenei. 

6.077  mg  substance:  14.764  mg  CO,;  2.148  mg  H,0.  Found  %  C  66.31;  H  3:95.  C^gHiiBr.  Calculated  % 

C  66.42;  H  4.09. 
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2  0*DlmethyUnthracene.  To  an  ethereal  solution  of  phenyllithlutn  (0.0037  mole)  was  added  1  g  2*niethyl« 
9-bromoanthiacene.  At  the  end  of  30  minutes  addition  was  made  of  an  ethereal  solution  of  1.58  g  methyl  Iodide 
which  reacted  with  the  organolithlum  compound  with  considerable  heat  development.  After  holding  for  30  mlnutej 
at  room  temperature,  the  reaction  products  were  washed  with  water,  the  ether  was  driven  off,  and  the  residue 
(0.89  g)  was  crystallized  from  methanol. 

TTiere  was  obtained  0.28  g  yellow  crystalline  substance  with  m.p.  81-82*;  the  mother  liquor  yielded  a 
further  0.25  g  with  m.p.  79-82*.  Yield  69.T7oof  the  theoretical.  The  melting  point  of  a  mixture  of  the  compound 
melting  at  81-82*  with  2.9-dImethylanthracene  prepared  by  reacting  2-methyl -9-anthronc  with  methyl  magnesium 
iodide  (12)  (m  p.  80  5-82  )  was  not  depressed. 

2-Methylanthracene-9-carboxylIc  acid.  To  a  solution  of  n-.>utyllithlum,  prepared  from  1.42  g  n-butyl 
chloride,  0,21  g  lithium  and  30  ml  ether,  was  added  2  g  2-Me:hyl-9-bromoanthracene.  After  a  period  of  30 
mi'^utes  the  reaction  mixture  was  carboxylated  by  pouring  on  to  solid  carbon  dioxide.  Crystallization  of  the 
acidic  reaction  products  from  dilute  (SO'Jt)  alcohJl  gave  10.5  g  yellow  crystals  with  m.p.  187-189*.  Further 
crystallization  of  the  acid  from  benzene  gave  0.9  g  substance  with  m.p.  lOl-lOS"^  in  the  form  of  light-yellow 
necdlets  Yield  equal  to  51,7<^of  the  theoretical. 

4.825  g  substance .  14.424  mg  CPi*,  2.216  mg  HC.  Found  C  81.58;  H  5.13,  C|cH||Oj|.  Calculated 

C  81.33;  H  5.12, 

fudging  by  the  melting  point,  the  acid  of  unestablished  structure  (m  p.  197*)  obtained  by  Liebermann 
[11.13]  by  the  action  of  oxalyl  cnloride  on  2-methylanthracene  is  2  methylanthracene-9-carboxylic  acid. 

2 -Methyl-1 0-bromoanthracene- 9-carboxyl Ic  acid.  To  a  suspension  (cooled  to  0*)  of  0.9  g  2-meihyl- 
anthracene-9-caiboxylic  acid  in  15  ml  carbon  isulfide  was  slowly  added,  with  stirring,  a  solution  of  0.63  g 
bromine  in  10  ml  carbon  bisulfide.  When  all  the  bromine  had  been  added,  the  reaction  rriixrure  (a  brown 
suspension)  was  heated  on  the  water  bath  until  hydrogen  bromide  ceased  to  come  off;  the  solvent  was  then 
distilled  off  and  the  residue  crystallized  from  dilute  alcohol. 

There  was  obtained  0.86  g  substance  with  m.p.  205-213*  (with  oecomp.).  Crystallization  from  benzene 
gave  0  6  g  (SO^o  of  the  theoretical  yield)  of  acid  with  m.p.  223.5-225*  in  the  form  of  yellow  needles.  One  more 
crysullization  from  benzene  gave  a  melting  point  of  229-230.5*.  A  mixture  of  the  acid  with  2-methyl -9-bromo- 
anthracene-lC-carboxylic  acid  of  m.p.  235-238*,  prepared  from  2-methyl-9,10-dibromoanthracene,  melted  at 
217-233*. 

5.505  mg  substance;  12.205  mg  CO,:  1.734  mg  1%0.  Found  (Jb:  C  60.71;  H  3.52.  Cj^HijO^Br.  Calculated 

‘5b:  C  60.95;  H  3.52. 

Oxidation  of  2-methyl-10-brcmoanthracene“9- carboxylic  acid.  To  a  solution  of  0.2  g  2-methyl-lO-bromo- 
anThracene-9-catboxylic  acid  in  acetic  acid,  heated  on  the  water  bath,  was  added  an  acetic  acid  solution  of  0.17  g 
chromic  oxide  The  reaction  mixture  was  left  for  18  hours  at  roo.m  tempeature,  after  which  the  acetic  acid  was 
distilled  off  and  the  residue  was  washed  with  water  and  crystallized  from  alcohol.  There  was  obtained  0,08  g 
nearly  colorless  slender  needles  (57‘7o  of  theory)  with  m.p.  163-167*. 

The  melting  point  rose  to  171-174*  after  crystallization  from  dilute  acetic  acid,  and  there  was  no 
depression  of  melting  point  in  admixture  with  a  specimen  of  2-methylanthraquinone  (m.p.  173-174*). 

2-Methyl-9:bromoanthracene-10  carboxylic  acid.  To  a  solution  of  3  g  2-methyl -9, lO-dibromoanthracene 
in  20  ml  absolute  benzere  was  added  an  ethereal  solution  (11.8  ml)  of  0.729  g  phenylliihium.  After  the  lapse 
of  30  minutes  the  leaction  mixture  was  carboxylated  by  pouring  on  to  solid  carbon  dioxide. 

The  acidic  reaction  product  (2.68  g  with  m.p.  216-221*)  was  crystallized  from  dilute  (507o)  alcohol  to 

give  1.59  g  acid  in  the  form  of  yellow  needlets  with  m.p.  235-238*  (with  decomp.).  Yield  equal  to  59^ of  the 
theoretical, 

4  510  rng  substance.  10.054  mg  CO,;  1.516  mg  1^0.  Found C  60.84;  H  3.76.  CifcHuO,Br.  Calculated 
C  60.95,  H  3.52. 


SUMMARY 


on  2-methyUmh)Icrnr"  ^  “  substituted  by  bromine  when  one  equivalent  of  bromine  acts 
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2.  One  equivalent  of  phenyllithium  reacts  with  2-methyl-9,10*dibromoanihracentf  with  substitution  of 
a  halogen  by  lithium,  preferentially  in  the  10-posltion. 

3.  Organic  compounds  of  alkali  metals  are  nucleophilic  reagents. 

4.  In  organomctallic  compounds  of  an  alkali  metal  present  in  the  orthO'f>osition  to  the  electronegative 
substituent,  a  bond  Is  developed  between  the  metal  and  the  hecroaom  which  Is  similar  in  character  to  the 
hydrogen  bond.  This  bond  is  the  factor  governing  the  orientation  during  metalation. 
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f. 


SYNTHESIS  OF  THE  SIMPLEST  CYANINES 
G.  M.  Okiengendler 


G.  M.  Okjengendler  and  A.  I.  Klprlanov  recently  showed  [1]  that  auramlne  and  the  mcthylmethosulfate 
of  Michlei  $  thioketone  arc  more  susceptible  to  condensations  with  compounds  containing  active  methyl  or 
methylene  groups  than  is  Michler's  ketone  itself. 

If  we  compare  the  derivatives  of  Michler's  ketene.  each  with  a  carbonyl  group,  with  the  same  derivatives 
of  N*methylbcn20thiazole,  we  can  detect  a  profound  similarity  in  their  structure  and  properties.  Thui,  to 
Michler's  ketone  corresponds  N^alkylbenzothiazolone;  as  we  know,  the  latter  compound  is  incapable  of 
entering  into  a  condensation  reaction  and  Michler's  ketone  condenses  with  difficulty.  To  Michler's  thio- 
Ketone  corresponds  N*fnethylbemothiazolonethione.  Both  compounds  are  nonreactive;  however,  the  products 
of  addition  of  dimethyl  sulfate  to  these  substances  (the  methylmethosulfate  of  Michler's  thioketone  and  the 
methylmethosulfate  of  2-meihylmercaptobenzothiazole)  are  extremely  reactive  compounds.  Finally,  to 
auramlne  corresponds  N-methylbenzothiazoloneimine. 

On  the  basis  of  this  analogy  we  suggested,  and  then  demonstrated  experimentally,  that  N~alkylbenzo> 
thiazoloneimines  are  also  capable  of  condensing  with  heterocyclic  compounds  containing  active  meth^  or 
methylene  groups. 


By  short-period  heating  to  180-190*  of  heterocy-lic  bases  with  quaternary  salts  we  have  prepared  mono- 
methinecyanines,  while  with  substances  containing  the  "Cl%“  CO”group  (of  the  type  of  methylphenylpyrazolone) 
we  prepared  merocyanines  (without  a  polymethine  chain),  'me  reactions  pocecd  according  t’o  the  equations: 
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The  yield  of  monomethinecyanines  is  60-70^  of  the  theoretical,  and  that  of  merocyanmes  is  80-90'> . 
These  reactions  Oo  not  take  place  in  solvents  (acetic  anhydride,  pyridine). 

Merocyanines  can  also  be  obtained  with  N*ethyl-2-pyridonimine,  but  in  low  yield. 


Several  methods  are  now  known  for  the  preparation  of  monomethmecyanints  and  merocyanines  (without 
a  polymethine  chain).  The  most  widely  applied  of  these  is  based  on  the  reactivity  of  alkyl-  or  arylmercapto 
groups  situated  in  the  a  -  or  y*position  to  the  quaternary  heterocyclic  nitrogen. 

Other  methods,  based  on  utilization  of  quaternary  salts  containing  a  reactive  iodine  atom  or  a  cyano 
group, have  limited  applicabiliry. 

The  method  of  preparation  of  monomethinecyanines  with  the  help  of  amyl  nitrite  in  acetic  anhydride 
may  be  adapted  to  reactions  with  an  active  cyano  group. 

The  first  method  of  preparation  of  monomethinecyanines  reported  in  the  literature  —condensation  of 
quinone-  and  quinaldine-alkyl  iodides  in  presence  of  potassium  hydroxide  —is  today  of  limited  use. 

The  methods  proposed  by  us  for  preparation  of  monomethi  tecyanines  and  merocyanines  olfer  definite. 
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Melting  point 


Preparatioi 


Formula 


rcorr; 


advantages  Over  known  methods  of  synthesis  of  these  dyes  if  we  exclude  the  simplest  compounds  prepared  from 
2-mercaptobenzothiazole.  Actually,  derivatives  of  2-beiizothia20loneimine  are  iiwre  accessible  compounds  than 
the  quaternary  salts  of  the  corresponding  2-alkyl  mere  apto  derivatives  usually  employed  for  the  synthesis  of  dyes. 

'fhus,  thio-'yanation  of  p-anisidine  readily  yields  2-amino-6-methoxybenzothiazole,  from  which  is  obtained 
the  N-alkyl-€-methoxybenzothiazoloneimines.  whereas  2-mercapto-6-methoxybenzoihiazole  can  only  be 
prepared  from  the  conesponding  o-aminothiophenol  by  the  action  of  carbon  bisulfide  [2J. 


The  synthesU  of  rnonomcthinecy*nlnei  and  merocyaninei  of  the  benzothiazole  serlei.  containing  aryl 
groups  at  the  heterocyclic  nitrogen,  requuei  salu  of  3-aryl-2-methylmercaptobcnzothiazoliuni.  These  can 
be  prepared  only  from  the  correspor^Jing  iminei  according  to  the  scheme  [3); 


!  I 

C|H|  Ci^SO/ 


If,  however,  we  make  direct  use  of  N*arylbenzothiazoloneimines  for  the  preparation  of  dyes,  then  four 
stages  can  be  omitted.  From  N-phenylbenzothiazoloneimine  we  have  prepared  monomethinecyacine  in  60^ 
of  the  theoretical  yield  and  merocyanine  in  90^  of  the  theoretical  yield. 

We  only  found  one  reference  in  the  literature  to  a  siiiilar  condensaUon.  In  1936  Clark  [4]  prepared  the 
base  of  pseudothiacyanine  by  condensation  of  N-methylbenzoihiazoloneimine  with  quinaldine; 


a~  and  0^-methylnaphthothiazoles  do  not  enter  into  reaction  with  a*picoline.  Being  limited  to  this  sole 
example  of  the  condensation  of  benzothiazoloneimine,  Clark  was  unable  to  demonstrate  the  general  character  of 
this  reaction  and  the  possibility  of  utilizing  benzothiazoloneimines  for  the  preparation  of  the  simplest  cyanines. 

In  the  table  are  listed  the  monomethinecyanines  and  merocyanines  prepared  by  us  and  not  described  in 
the  bterature. 

N-Alkylbenzothiazoloiieimines  can  also  be  used  for  synthesis  of  azacyanines.  Thus,  azacyanine  base  • 
(Vn)  is  readily  prepared  by  fusing  N-ethyl*€-methylbenzothiazoloneimine  with  2*amino-4-phenylthIazole. ^ 


H,C 


C,H, 


(VII) 


EXPERIMENTAL 


2 -Amino -4 -phenyl thiazole  is  prepared  from  acetophenone  and  thiourea  with  addition  of  bromine  [5]. 

2-Amino-6-methoxy benzothiazole  is  prepared  by  thiocyanation  of  p-anisidine  (6]. 

6-Methyl-N-etliylbenzothiazoloneimine  is  prepared  from  2-amino-6-ii)ethylbenzothiazole  by  heating 
with  ethyl  iodide  and  subsequent  treatment  with  caustic  alkali  (7]. 

N-Methylbenzothiazoloneimlne.  1.5  g  2-aminohenzothia7.ole  and  1,9  g  methyl  ester  of  p-toluenesulfonic 
acid  were  fused  over  a  bare  flame  until  a  horrwgeneous  melt  was  obtained,  and  then  heated  for  20  minutes  at 
140-150*.  The  reaction  product  was  dissolved  in  20  ml  water  (the  whole  dissolved)  and  into  the  still- warm  solution 
was  run.  gradually,  while  rubbing  with  a  glass  rod,  a  soluUon  of  1.3  g  potassium  hydroxide  in  5  ml  water.  The 
imine  came  down  in  the  foim  of  lustrous  crystals.  On  the  following  day  the  crystals  were  drained,  washed  widi 
cold  water  and  dried.  Yield  1.2  g  (73^  of  the  theoretical);  m.p.  124*.  Binier  [8]  gives  m.p.  123*. 


S-MethoxyN-methylbenzothtazoloneimine.  Prepared  from  1.8  g  2-amlno-6-meihoxybenzothlazole  and  2  g 
methyl  ester  of  p-toluenesulfonic  acid  by  the  preceding  procedure.  The  oily  layer  which  separated  on  addition  of 
the  alkali  was  twice  extracted  with  hot  benzene,  the  benzene  was  distilled  off  and  the  residue  of  benzene  was 
removed  in  a  drying  cupboard.  Yield  of  crude  imlne  1.5  g  (77^  of  theoretical).  After  crystallization  from 
ligroin  It  f(»ms  colorless  needles  with  m.p.  94*  (corr.).  Not  described  in  the  literature. 

Found ‘55).  N  14  3,  14,4.  C,H;,ON|S.  Calculated^:  N  14.43. 

The  mother  liquors  obtained  after  recrystallization  of  the  imlne  from  ligroin  were  shaken  with  concentrate! 
hydrochloric  acid  in  a  separating  funnel  to  form  the  hydrochloride;  after  recrystallization  from  dilute  hydrochloric 
acid  it  had  m.p.  320'  (corr.). 

Found  N  12.10.  Cl  15.15.  C»HaON,SCl.  Calculated  N  12.14;  Cl  15.4. 

N  pbenylbenzothiazoloneimlne  was  prepared  from  N.N'-diphenylthiourea  by  treatment  with  bromine  In 
chloroform  solution  (8). 

3.3*-Dtmethylcyanine  lolide.  0.5  g  N-methylbenzothiazoloneimine  and  1  g  methylmethosulfate  of 
2*methylbenzothiazole  were  pulverized  together  and  then  fused  in  vacuum  for  15  minutes. at  180'190  .  Toward 
the  end  of  the  reaction  the  melt  began  to  foam  and  solidified.  The  reaction  product  was  dissolved  in  30  ml 
alcohol,  water  was  added  until  turbid,  and  the  hot  solution  was  filtered.  The  filtrate  was  heated  and  5  ml 
acetone  was  added,  followed  by  a  solution  of  potassium  iodide  (3  g)  in  water  (10  ml);  the  precipitated  dye 
was  filtered,  washed  with  acetone,  water,  and  again  acetone.  Yield  of  crude  product  (straw-colored  silky 
needles)  0.86  g  (66^  of  the  thee  retical).  M.p.304*  after  recrystallization  from  alcohol;  does  not  depress 
the  melting  point  of  monomethinecyamne  prepared  from  the  methoiodides  of  2-meAylmercaptobenzothiazole 
^nd  2-methylbenzothiazole. 

Found  <5^:  N  6.24:  1  29.02.  C^HijNtSjL  Calculated  <55):  N  6.39;  1-28.99. 

3-Phenyl-3-methylthlacyanine-lodide  (1).  Prepared  from  1.13  g  N*phenylberuothlazoloneuninc  and  1.38  g  ' 
methosulfate  of  2-raethylbeTizoihiazole  by  the  previous  method.  Yield  of  crude  product  (yellow  silky  needles) 

1.5  g  (60<^of  the  theoretical),  tecrystallization  from  alcohol  gave  1.35  g  with  m.p.  278*. 

Found  <35»:  I  25.32.  CnHiyf^S,!.  Calculated  1 25.40. 

(6-Methoxy-3-methyl)-(C*-acetylamlno-3*-methyl)-thiacyanine  iodide  (H).  0.4  g  6-methoxy-N-irethylbenzo- 
thiazoloneimine  and  0.66  g  methylmethosulfate  of  6-acetylaminobenzothiazole  were  fused  and  worked  up  as 
before.  Yield  of  crude  product  0.7  g  (68*50  of  the  theoretical).  Yellow  crystalline  powder,  after  recrystallization 
from  alcohol;  m.p.  290”. 

Found  N  8.0.  C2,H|,0,N,S,L  Calculated  N  8.01. 


4  f  1*-Methvl  S*-mcthoxyber.zothiazolmylidene-<2*)]-fl‘Phenyl-3-methyl-5-pyrazolon(  ]  ,'I1I).  0,87  g  1-phenyl- 
3 -methyl -j-pyiazolone  was  fused  with  0.97  g  6-methoxy-N-«iiethylbenzothiazoloneimme  at  ioO-lSS*  for  2  hours  in 
vacuum  (10-15  mm>.  The  reaction  product  was  dissolved  with  heating  in  alcohol,  the  solution  was  filtered,  and 
water  was  added  to  the  hot  filtrate  until  turbid.  An  oil  separated  after  standing  overnight.  The  solution  was 
poured  off  and  heated,  and  again  water  was  added  until  turbid.  Beautiful  yellow  needles  separated.  The  mother 
liquor  was  used  foi  crystallization  of  the  initially  separated  oil.  The  dye  was  again  crystallized  from  ligroin 
M.p.  177*^.  Total  yield  1.5  g(90*vS>ol  the  theoretical). 

Found‘d  N  11,84.  11.74  CjjHj^OjNjS.  Calculated  «5t:  N  11.96. 

4-[3*-EThvl  6-ineth\lbenzothiazolinvlidepe  ^2»)Hl-phenyl-3-methyl-5-pyrazolone]  (IV).  0.87  g  l-phenyl-3- 
methvl-o-p>razolone  was  fused  with  0.96  g  6-methylbenzothiazoloneimine  as  in  the  preceding  experiment,  until 
ammonia  ceased  to  come  off.  After  recrystallization  from  aqueous  alcohol,  there  was  obtained  1.2  g  (69*5^  of  the 
theoretical)  of  yellow  prisms  melting  at  143*. 

Found N  11.99  11  85  C„HjPN,S.  Calculated  <5k:  N  12.03. 

^^3  -Phenylbcnzothiazolinylidene  (2*)]-fl-phenyl-3-iTiethyl-5-pyra'zolone]  (V).  Preparation  as  for  (III),  from 
I  12  g  N  phenylbenzothiazoloneimine  and  0.88  g  methylphenylpyrazolone.  Fusion  in  vacuum  was  performed  during 
10  minutes  at  170-180*.  After  crystallization  from  alcohol  there  was  obtained  1.765  g  (92*55)  of  the  theoretical) 
of  yellow  T'ecdles.  After  recrystallization  from  toluene  the  m.p.  was  280*. 


Found N  10.87,  JC. 82.  CnH|,ON|S,  Calculated  N  10.96. 

4-ri*-Ethyldihydrppyridyltdene-<2»)Hl-phenyl-3-methyl-6-pyrazolonel(Vn.  0.94  g  2-amliK)pyridlnc  was 
fused  with  2  g  ethyl  ester  of  p-tolucnesulfonic  acid  at  130-140*  for  20  minutes.  The  quaternary  salt  was  dissolved 
in  a  little  water,  1  g  sodium  hydroxide  was  added,  and  the  pyridonimine  three  limes  extracted  with  small  quantities 
of  benzene.  The  benzene  was  distilled  off  and  to  the  residual  oil  (0.9  g)  was  added  1.75  g  methylphenylpyrazolone. 
Heating  was  effected  at  150-160*  in  vacuum  (30-40  mm)  for  3  hours.  Yellow  needles  with  ra.p.  185*  were  obtained 
by  recryitalhzation  from  alcohol.  Yield  0,14  g  (5^  of  the  theoretical). 

Founder  N  14.88,  15.06.  C|7H|70Nj.  Calculated N  15.05. 

r3-Phvl-6-mcthylbenzothiazoMnylidene-(2)H2-amlno-4-phenynhiazolel(Vin.  0.9G  g  N-ethyl-6-meihyl- 

benzothiazo  lone  inline  and  0.88  g  2-amino-4-phenylrhlazole  were  fused  at  165-170*  in  vacuum  until  ammonia 
ceased  to  come  off.  The  yield  of  crude  azacyanine  base  was  0.98  g  (56^  of  the  theoretical).  After  two 
crystallizations  from  alcohol  the  m.p.  was  constant  at  186*  (corr.).  Nearly  colorless,  rhombic  platelets. 

Found ‘Jfe:  N  12.00,  12.14.  Cj^iyNj^.  Calculated N  11.94. 

SUMMARY 

1.  A  synthesis  is  proposed  for  the  simplest  cyanines,  based  on  the  ability  of  alkylbenzothiazoloneimines 
to  enter  into  condensation  with  heterocyclic  compounds  conuining  an  active  methyl,  methylene  or  amino  group. 

2.  7  dyes  (the  simplest  cyanines)  were  synthesized  by  this  method. 
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CONDENSATION  OF  o-A  MINOT HIOPH ENOL  WITH  HETEROCYCLIC  CARBOXYLIC  ACIDS 

L  PYRIDYLBENZOTHIAZOLES 
V.  M.  Zubarovsky  and  A.  I.  Voronina 


The  condensation  of  o-aminothlopher^ol  with  carboxylic  acids  of  the  heteiocyclic  series  has  not  been 
investigated.  This  reaction  can  serve  as  a  method  of  synthesis  of  benzothiazole  derivatives  containing  vaticut 
hetcrocycles  in  the  2*position.  benzothiazoles  of  this  lype  have  not  been  investigated,  a  few  of  them  are  known. 
We  have  performed  the  condensation  of  o-aminothiophenol  with  the  monobasic  pyridine-carboxylic  acids; 
picolinic,  nicotinic  and  isonicotinic.  The  following  isomeric  pyridylbenzothiazoles  were  isolated:  2-[pyridyl' 
(all-benzothiazole  (I),  2-(pyridyl-(B)]-benzothiazole  (II),  and  2-(pyridyl-(y)J-benzothiazole  (HI). 
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Condensation  of  o-aminothiophenol  with  the  pyridinecarboxylic  acids  was  effected  by  the  usual  method: 
heating  of  equimolar  amounts  of  the  surting  components  in  sealed  glass  tubes.  The  condensation  reaction  u 
..ccompanied  by  a  decarboxylation  of  the  pyridinecarboxylic  acids,  and  this  is  apparently  the  cause  of  the  low 
yields  (SS-SS^)  of  pyridylbenzothiazoles  (1)  and  (II)  obtained  from  picolinic  and  nirotiiiic  acids.  An  attempt 
to  replace  nicotinic  acid  by  its  ethyl  ester  was  unsuccessful,  for  the  ester  did  not  react  with  o-aminothlophenol 
after  heating  for  5  hours  at  200“,  The  pyridylbenzothiazoles  (I)  and  (II)  are  formed  with  higher  yield  (60^) 
by  reacting  o-aminothiophenol  with  the  chlorides  of  picolinic  and  nicotinic  acids.  In  the  conditions  of  condensation 
with  o-am moth iophenol,  isonicotinic  acid  is  less  easily  decarboxylated  and  2-{pyridyl-()r)}-bcnzothiazole  is 
therefore  obtained  in  a  yield  of  GS^Jb. 

The  isomeric  pyridylbenzothiazoles  possess  basic  character  to  extents  depending  on  the  mode  of  addition 
of  the  pyridine  to  the  benzothiazole  residue.  Interest  is  attached  to  the  mutual  influence  of  these  residues. 
2-(Pyridyl-(a)>benzothiazole  is  a  very  weak  base:  in  dilute  hydrochloric  acid  it  does  noi  dissolve  without  heating; 
in  concentrated  acid  it  dissolves  in  the  cold  but  the  salt  formed  in  solution  slowly  hydrolyzes  when  excess  of 
water  is  added,  this  pyridylbenzothiazole  does  not  react  with  alkyl  halides.  One  of  its  quaternary  salts,  3-methyl- 
2-(pyridyl-(a)]-benzothiazoU  i.)dide  (IV),  was  prepared  by  the  action  of  the  picolinic  acid  halide  on_o-mcthyl- 
aminothiopiienol. 
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(IV)  (V)  (VI) 

This  quaternary  salt  decomposes,  hovever,  when  heated  and  u  quantitatively  transformed  into  methyl 
iodide  and  2-(pyridyl-(a))-benzothiazole;  ^  • 

^  \  I  1  ♦ 


In  contrast  to  2,2*  dibenzothiazole  which  dissolves  in  concenuated  sulfuric  acid  witi  a  characteristic 
intense  yellow  color  [1],  2*(pyridyl-(a)]-benzothiazolc  dissolves  with  a  very  weak  yellow  color.  With  divalent 
iron,  2-(pyridyl-(a)]-benzoihiazole.  like  2-(pyridyl-(a)]-quinoline  [2].  does  not  form  a  colored  complex  cation; 
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in  this  respect  both  of  these  compounds  differ  markedly  from  fljO  *”<lIpyrldyl,  although  their  structures  are  similar. 
2*{pyTidyl'^0)]^enzoiluazole  dissolves  in  concentrated  sulfuric  acid  to  form  a  nearly  colorless  solution.  2*(Pyridyl 
(«)]-bcnzothlazole.  on  the  other  hand,  it  a  fairly  strong  base;  it  dissolves  in  dUute  hydrochloric  acid  with  evolutloi 
of  heat  and  forms  a  suble  salt  »shlch  can  be  isolated.  U  forms  quaternary  salts  vrlth  alkyl  halides.  AnalysU  of 
these  salts  shows  that  2-fpyridyl*^6)}benzothiazole  is  a  monoacldlc  base;  salt  formation  proceeds  at  the  expense 
of  the  pyridine  residue,  since  it  forms  the  compound  (VII)  with  methyl  iodide  and  this  compound  is  not  identical 
with  the  3-inethyl-2-(pyridyl*(0)]-benzothiazolium  iodide  (V)  synthesized  from  ojmethylamlnothiophenol  and 
nicotinic  acid  halide. 


The  basic  properties  of  the  pyridine  residue  arc  so  weakened  in  3-methyl-2-(pyridyl-\0))*benzothIazollura 
iodide  that  thu  compound  does  not  react  when  heated  with  excess  of  methyl  iodide.  Heating  to  the  melting  point 
leads  to  isomerization: 


3-Eihyl'2-{pyridyl'(0)}-benzothiazolium  iodide  is  also  isomerized  by  the  same  method. 

2-p^’ndyl-ryH-benzothiazole  unexpectedly  proved  to  be  closer  in  basic  properties  to  2-(pyridyl-(fl)}- 
bcnzothiazole  than  to  2-(pyridyl-(a))-ben20thiazole.  Qualitative  tests  indicate  the  2-(pyridyl-(y))-benzoihiazolc 
is  a  somewhat  weaker  base  than  2()yridyl'(S))-benzothiazole,  at  least  in  relation  to  dilute  hydrochloric  acid; ' 
regarding  the  reactions  with  alkyl  halides,  both  of  these  bases  behave  very  similarly.  2-(Pyridyl-(y))-3-raethyl- 
btnzothlazoliunr  iodide  (VI),  in  complete  analogy  with  the  above-described  case,  isoinerizes  when  heated  to 
form  the  methyl  iodide  of  y-(benzothiazolyl-(2)]-pyrldlne  (VIII).  3-Ethyl-2-{pyridy!-(y)]-beiuothlazollum 
iodide  likewise  isomerizes.  2-lPyridyl-()r)]-benzothiazole  dissolves  m  concentrated  sulfuric  acid  with  a  yellow 
color  which  is  even  weaker  than  that  formed  by  2-(pyrldyl-(a)]-bcnzothiazole. 

EXPERIMENTAL 
1.  2-fPyrldyl-{a)]-benzothlazole 

The  picolinlc  acid  requited  for  the  synthesis  was  prepared  by  oxidation  of  a*picoline  (3]  and  purified 
through  the  copper  salt,  Picolmic  acid  with  m.p.  137*  was  used.  3.7  g  (1  mole)  picolmic  acid  and  3.8  g 
(1  mole)  o-aminothiophenol  were  well  mixed  in  a  thick-walled  glass  tube  which  was  then  sealed  and  heated 
for  6  hours  with  gradual  rise  of  temperature  from  140-200*  at  the  rate  of  10*  per  hour.  Considerable  pressure 
was  released  when  the  tube  was  opened  and  the  odors  of  hydrogen  sulfide  and  pyridine  were  detected;  the 
tube  contained  colorless  cyrstals  in  a  uansparent  red  liquid.  The  crystals  were  filtered,  washed  with  a  small 
quantity  of  alcohol  triturated  with  10  ml  aqueous  sodium  carbonate,  and  again  filtered  and  washed  with  water. 
An  additional  crop  of  product  was  obtained  from  the  oil  by  dilution  with  alcohol  and  water.  There  was 
obtained  2.1  g  2-(pyridyl-(a)]-bcnzothiazole  (33«7oof  the  theoretically  possible  amount).  After  three 
crystallizations  from  alcohol  (the  solutions  were  decolorized  with  carbon)  the  compound  was  obtained  in 
the  form  of  colorless  needles  with  m.p.  135*;  it  contained  sulfur  and  nitrogen. 

Found‘d.  N  13.03,  13  22.  CaH,N,S.  Calculated  N  13.21. 

2-IPyridyl-(a|-benzothiazole  was  obtained  in  60<^  yield  by  mixing  benzene  solutions  of  o-aminothiophenol 
and  picolmic  acid  chloride.  Alter  purification,  the  substance  prepared  by  this  route  had  m.p.  135*,  and  lu 
tur  with  the  compound  prepared  as  above  had  the  same  melting  pomt.  This  procedure  for  synthesis  of 
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2<pyrldyl-(fl)H>enzothlazole  was  iden;ical  with  that  described  below  for  2-(pyrldyK5)3-bcn2othlazolc  from  the 
chloride  of  nicotinic  acid  (experiment  in). 

2fPyrldyl-(tf  )]-benzothiazole  does  not  dissolve  in  aqueous  solutions  of  caustic  alkalies.  It  does  not  dissolve 
in  dUute  hydrochloric  acid  at  20-30*.  but  it  is  slightly  soluble  L".  the  hot  acid.  It  dUsolves  in  concentrated  hydro¬ 
chloric  acid  in  the  cold,  but  addition  of  excess  water  to  the  solution  causes  it  to  separate  slowly  unchanged. 
Mixing  of  5<f>  hot  alcoholic  solutions  of  equimolar  amounts  of  picric  acid  and  2'{pyridyl*(a)>benzothiazole  resulia 
in  formation  of  the  picratt^  which  comes  down  on  cooling.  M.p.  140*141*  after  several  recrystalllzations  from 
alcohol. 

Found‘d:  N  15.58,  15.64.  CnHuO^NsS.  Calculated N  15,87. 

With  excess  of  picric  acid  (3  moles  per  mole  ba£)a  picrate  with  the  same  melting  point  as  that  of  the 
above  compound,  and  identical  with  It,  was  obtained  (m.p.  of  mixed  sample  140*). 


IL  Alkyl  halide  compounds  of  2-fpyridyl- 


snzothiazole 


A.  Heatitig  of  2-{pyridyl-{fl)Vbenzothiazole  with  alkyl  halides.  0.2  g  2-(pyrldyl-(a)]-benzothiazole  and 
and  excess  (1  ml)  of  methyl  iodide  were  heated  in  a  sealed  glass  tube  in  boiling  water  for  an  hour.  The  tube 
was  opened,  the  methyl  iodide  driven  off,  and  the  residue  recrystallized  from  alcohol  to  give  nearly  colorless 
needles  with  m.p.  134*;  the  mixture  with  2-{pyridyl-(a)]-benzothlazole  melted  at  the  same  temperative  We  got 
the  same  result  by  using  ethyl  Iodide  and  heating  for  5  hours. 

B.  3-Methyl-2-fpyrldyl-{a)]-b€n20thiazolluro  odtde.  The  preparation  was  carried  out  by  the  method 
proposed  for  quatemaiy  salts  of  benzothiazole  by  A.  l.  Kiptianov  and  Z.  N.  Pazenko  (4J.  The  starting  material, 
N-methyl-o-aminothiophenol,  was  prepaied  likewise  by  the  method  of  these  authors  (5);  picolinic  acid  chloride 
was  prepared  by  heating  the  acid  with  thionyl  chloride  [6).  Benzene  solutions  of  N-methyl-o-amlnothiophenol 
(4.17  g,  1  mole)  and  picolinic  acid  chlor<de  (4.25  g,  1  mole)  were  gradually  mixed:  the  reaction  was  exothermic 
and  a  yellow  viscous  precipitate  was  formed.  The  mixture  war  digested  for  30  minutes,  the  liquid  was  decanted 
from  the  solidified  precipitate,  and  the  latter  was  washed  with  ether  and  dissolved  in  20  ml  water  with  gentle 
heating.  The  solution  was  heated  with  carbon,  filtered  and  mixed  with  hot  potassium  iodide  solution  (5  g  in 

5  m!  water).  The  yellow  crystallme  precipiute  was  washed  with  a  small  amount  of  water  and  alcohol  (weight 
of  precipitate  4.6  g)  and  twice  recrystallized  from  alcohol.  Yellow  crystals  were  obtained  which  decomposed 
violently  at  180-182*  with  formation  of  a  transparent  blown  liquid  soL'difying  when  cooled. 

Found ‘Jt:  I  35.90,  35.85.  CuHaJ^IS.  Calculated  <55):  I  33.»s8. 

0.6  B  3-methyl -2 -(pyridyl-(a)]-ben70thiazolium  iodide  was  heated  with  excess  of  methyl  iodide  (1  ml) 
in  a  sealed  glass  tube  In  boiling  water  for  5  hours.  The  methyl  iodide  was  driven  off  and  the  residual  product, . 
after  one  crystallization  from  alcohol,  had  decomp.  temp.  180*  and  was  unchanged  starting  materiaL 

C.  Decomposition  of  3-methvl-2-trytidyH<i)H>enzothiazolium  ixiide  by  heating.  2  g  3-raethyl-2- 
fpyridyl-(a2-benzothiazolium  ixlide  was  heated  in  a  small  flask  with  an  exit  tube  in  a  sulfuric  acid  bath.  The 
Substance  decomposed  to  form  a  dark-brown  liquid  and  gave  off  a  vapor.  The  distillate  proved  to  be  methyl 
iodide  (pyridine'-methoiodide  with  m.p.  118-119*).  As  soon  as  the  whole  of  the  substance  taken  for  the  experi¬ 
ment  had  been  converted  into  liquid,  the  heating  was  stopped,  and  the  liquid  in  the  flask  solidified  when  cooled 
The  solid  product  was  twice  recry  stall  ized  from  alcohol  and  then  from  petroleum  ether  to  give  colorless  crystals 
with  m.p.  134*.  their  mixture  with  authentic  2  [pytidyl-(0)]-benzothiazole  (m.p,  135*)  melted  at  134  . 

Found  N  12.90,  12.98.  CuH,N,S.  Calculated  N  13.21. 

The  picrate  of  the  base  with  m.p.  140*  was  prepared. 


>ridvW6n-benzothiazole 


The  nicotinic  acid  used  for  the  synthesis  had  m.p.  231*.  The  starting  materials,  nicotinic  acid  and 
o-amlnothiophenol,  were  taken  in  equimolecular  amounts  (10  g  each).  The  condensation  was  effected  as  in  ^ 
the  case  of  the  analogous  reaction  with  picolinic  acid  (experiment  I),  hut  the  sealed  tube  was  heated  at  230-235 
for  4  hours;  on  opening,  considerable  pressure  was  released  and  the  odors  of  hydrogen  sulfide  and  pyridine  were 
noticed.  To  the  contents  of  the  tube  (colorless  crystals  in  brown  oil)  was  added  ether  (30  ml);  the  undissolved 
crystals  were  filtered,  washed  on  the  filter  with  ether  and  then  treated  twice  with  10j»  aqueous  sodium  carbonate 
solution  for  removal  of  unreacted  nicotinic  acid.  There  was  obtaned  5.8  g  2  ipyridyl-(B)]-benzothiazole  or  34*^ 
of  the  theoretical  yield.  CrystaUization  from  alcohol  (treatment  with  ammal  charcoal)  gave  colorless  needles. 
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m  p  128-129*.  odorlew.  Tlic  compound  cmtalni  nitrogen  and  sulfur.  . 

Fo'jnd  «!,:  N  13.07,  13.15;  C  68.1S:  H  3.80;  CnH|14|S.  Calculated  N  13.21;  C  67.92;  H  3.77. 

2-{PyTidyl-(6)>benzothlazolc  ^asjKpared  in  higher  yield  by  condensation  of  o-amlnothlophenol  with 
«K»xinw:  acid  chloride.  5.6  g  (1  mole)  dtiimdt  and  5.0  g  (1  mole)  o-amlnothlophenol  were  dissolved  in 
benzene  (10  ml  in  each  case).  Into  the  o^ninothiophenol  solution  was  gradually  stirred  the  solution  of  the 
cbikmde:  the  reaction  was  exothermic  and  i yellow  precipitate  was  formed.  The  suspension  was  heated  by 
gerile  boiling  for  30  minutes,  the  precipitHn  was  filtered  off,  washed  with  benzene,  triturated  in  a  mortar 
wish  30  ml  20^  aqueous  sodium  hydroxide,  again  filtered  and  washed  widi  water.  Yield  4.8  g  (57.0^  of 
tbe  theoretical)  The  substance  was  Ident’al' (mixed  melting  test)  with  the  above-described  2-(pyridyl^6))- 
beczothiazole. 

The  picrate  of  2-(pyridyl-(0)]-ben2trtiiazole  was  prepared  by  mixing  hot  alcoholic  solutions  of 
e<7iaiz)olar  amounts  of  picric  acid  arxl  die  Iibb.  The  picrate  is  highly  soluble  in  many  organic  solvents.  It 
melts  at  104-1S5*  (from  acetone).  Use  of  ejcess  picric  acid  gave  a  picrate  identical  with  the  preceding  one. 
2-fP>Tidyl-(8))-benzothiazole  dissolves  in  l&S  hydrochloric  acid  with  evolution  of  heat;  the  salt  can  be 
isoLated  by  dissolving  the  bast  (2  g)  in  conesntrated  hydrochloric  acid  (3  ml),  adding  alcohol  (8  ml),  decolorizl 
the  solution  with  carbon,  running  in  ether  (6  ml)  and  leaving  to  stand.  The  salt  is  recrystallized  from  a  small 
amount  of  alcohol.  M.p.  215*. 

Found ‘Jfc:  0  14,17,14.21.  C„IV^aS.  Calculated  Cl  14.28. 

IV.  Alkyl  halide  conpounds  of  2’fpyridyHE)]-benzothiazole 

A.  Reaction  of  2-fpyridyHB)]-ben2crfhazole  with  alkyl  halides.  0.65  g  (1  mole)  2-(pyridyl-(6))-bcnzo- 
thiasolc  and  0.43  g  (1  mole)  methyl  iodide  were  heated  for  1  hour  in  a  sealed  tube  in  boiling  water.  The 
picxlMrt  of  reaction  was  washed  with  ether.  T5ield  of  methoiodide  0.95  g.  It  was  crysullized  from  alcohoL 
The  oother  liquors  were  heated  with  carbon nz  remove  resinous  impurities.  The  pure  salt  melts  at  231-232*. 

Ad  K^emical  product  is  obtained  when  using  creess  of  methyl  iodide  and  heating  for  a  longer  period. 

Found  <5c:  135.^4  35.75.  CuHijNjIS  Calculated  <?>:  135.88. 

The  ethoiodide  of  2-(pyridyl-(fl)}-beiianhiazole  was  prepared  by  the  same  method.  Light-yellow  needles 
with  m  p.  223-224*  (frem  alcohol). 

Found  134.55,34.52.  Ci4Hul^IS.  Calculated  134.51. 

3  3-Methyl-2-fpyridyl-(6)]-ben20thiBrcllum-lodide.  Method  of  preparation  as  in  experiment  11  B.  3.8  g 
(1  rrcje)  nicotinic  acid  chloride  and  3.7  g  (1  nole)  N-methyl-o-aminothiophenol  were  reacted.  Yield  of  salt 
5,3  g  The  product  (4.4  g)  was  dissolved  in  three  times  the  quantity  of  hot  water  and  the  solution  poured  into 
hot  water  containing  K1  (2  8  g  in  10  ml).  TTk*  yellow  precipitate  was  filtered,  washed  with  water  and  recrystalllz£ 
from  10  times  the  amount  of  water.  Dense  ytiDaw  needles  were  obtained,  melting  at  206-208*  to  a  liquid  which 
im.me-diatcly  afterwards  solidifies  and  again  iieits  at  a  higher  temperature. 

round*?,.  135.97.  35  86.  CuKul^IS.  Calculated  135.88. 

The  starting  components  did  not  react  when  the  prepared  methoiodide  (1.2  g)  and  excess  of  methyl 
iodi<je  (3  ml)  were  heated  for  2  hours  in  a  sealei  tube  in  boiling  water. 

C.  Isomerization  of  3-methyl-2-(pyrid^^»-?6)l-ben20thlazoliun:  iodide.  1  g  3- methyl-2 "{pyridyl-(6))“ 
beczctmiazoliun  iodide  was  heated  in  a  test  tiiie  in  a  sulfuric  acid  bath;  the  thermometer  was  immersed  in 
the  si-^jnce.  Kielting  occurs  initially  at  203*  hut  the  liquid  immediately  solidifies.  The  temperature  of 
th.;  in  the  test  tube  was  raised  to  225*,  anti  the  test  tube  was  then  cooled.  The  contents,  a  light-yellow 
crystallEie  mass,  weighed  0.06  g  The  product  rf  isomerization  was  recrystallized  3  times  from  alcohol 
(decoiocization  with  animal  charcoal).  The.  lipit-yellow,  finely  crystalline  product  melted  at  232*. 

Found*?!.  I  35.93,  36.01.  CnHnN|IS.  iCalculated  1  35.88. 

The  mixture  of  the  isomerization  product  with  the  methoiodide  of  2-(pyridyl-<  0)}-benzoihiazolc, 
prepariii  by  healing  the  laner  with  methyl  iodiut  (experiment  IV  A),  melted  at  231^32*. 

V.  2-fPyridvO-,y)1-benzothiazole 

bonicotinic  acid  was  prepared  by  oxidatun  of  4-ethylpyrldlne  (71  which  was  synthesized  from  pyridine 
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and  acetic  anhydride  [8];  the  Isonlcotlnlc  acid  had  m.p.  313*  In  a  sealed  capillary.  A  mixture  of  equimolar 
amounts  of  isonlcotlnlc  acid  (2.5  g)  and  O'aminothiophenol  (2.5  g)  was  heated  in  a  sealed  glass  tube  for  4  hours 
at  210-240  .  Slight  pressure  was  released  when  the  tube  was  opened  and  hydrogen  sulfide  was  detected.  The 
reaction  product  was  treated  with  10  ml  10*^  aqueous  sodium  carbonate,  and  then  dissolved  In  dilute  hydro* 
chloric  acid  (1:1)  by  heating.  The  solution  was  decolorized  with  carbon  and  precipitated  with  20*51  sodium 
hydroxide  solution.  The  crude  2-{pyndyl-(y))-benzothlazole  was  obtained  in  a  yield  of  65'55>of  the  theoretically 
possible.  Insoluble  in  water,  readily  soluble  in  the  cold  or  when  heated  in  the  majority  of  organic  solvents.  It 
was  purified  by  crystallization  from  a  large  volume  of  alcohol  and  then  from  petroleum  ether.  Colorless, 
crystalline  scales,  m.p.  136*.  odorless. 

Found  N  12.91,  13.10.  C||HgN(S.  Calculated  *5li:  N  13,21. 

The  picrate  of  the  base  was  prepared  in  nearly  quantitative  yield  by  mixing  hot  alcoholic  solutions  of 
the  base  and  picric  acid;  poorly  soluble  in  hot  water,  crystallizes  from  a  large  volume  of  acetone  with  m.p.  237*. 

VI  Alkyl  halide  compounds  of  2*fpyrldyl-<y)]-benzothtazole 

A.  Reaction  of  2-fpyridyl  (y)l-benzothiazole  with  alkyl  halides  0.45  g  2-(pyridyl-(y)}-benzothiazole 
and  1  ml  methyl  iodide  were  heated  in  a  sealed  tube  in  boiling  water  for  30  minutes.  Acetone  was  added 
to  the  reaction  product,  and  the  precipitate  was  filtered  and  washed  with  acetone.  The  crude  product  (0.45  g)* 
was  recrystallized  from  alcohol.  The  pure  methoiodide,  forming  golden,  orange-yellow  crystals,  darkened  at 
240*  and  melted  at  256*. 

Found‘d:  I  35.92,  35.95.  C^jH^NjlS.  Calculated  <Jfc:  135.88. 

The  cthoiodide  was  prepared  by  heating  sealed  tubes  in  boiling  water  for  1  hour;  the  same  compound 
was  obtained  regardless  of  whether  equimolar  amounts  of  reactants  were  used  or  whether  the  ethyl  iodide  was 
in  excess.  It  melted  at  219-220*;  it  was  crystallized  first  from  alcohol  and  then  from  water. 

Found  ‘5t;  I  34  40.  34.48.  C,4Hi,N,IS.  Calculated  I  34.51. 

B  3-Methyl-2-(pyridyl-(Y)]-benzo'ihiazoliu.T  icdide  This  quaternary  salt  was  synthesized  from  N-methyl- 
o-aminothiophenol  and  isonicotlnic  acid  chloride  by  the  same  procedure  as  for  the  analogous  salts  described  in 
experiments  II  B  and  V  B.  The  crude  salt*chloridc  was  washed  with  benzene  and  ether  and  converted  into  the 
iodide;  the  latter,  after  crystallization  from  water  (treat mi  •i  ’  with  animal  charcoal),  formed  yellow  crystals 
which  darkened  at  195*  and  melted  at  197*  to  a  dark  liquid;  the  latter  changed  into  light  crystals  with  m.p.  253*. 

Found  •5fc:  1  35  98,36.02.  C^Kal^lS.  Calculated  135.88. 

The  starting  salt  remained  unchanged  when  3-methyl-2-(pyridyl-(y)]-benzothiazoliunr  i  >dide  was  heated 
for  5  hours  with  excess  of  methyl  iodide  at  100*. 

C.  Isomerization  of  3-methyl-2-fpyridyl-(y)l-benzothiazoliurr.  iodide,  0.6  g  3-methyl'2-lpyridyl-(y))- 
benzothiazoliuir  iodide  was  subjected  to  thermal  isomerization  as  described  in  experiment  IV  C.  The  fusion 
started  at  about  loO*.  and  the  liquid  solidified  almost  immediately.  Heating  was  stopped  as  soon  as  the 
temperature  of  the  melt  had  reached  220*.  The  product  of  isomerization  (weight  0  57  g)  was  twice  recrystallized 
from  alcohol  to  give  golden*yeIIow  (datk)  needles  with  m  p.  256*  (after  darkening  at  240*). 

Found<5;):  I  35.84,  35.96.  C„H^N,IS.  Calculated^:  135.88. 

The  mixture  of  the  isomerization  product  with  the  methoiodide  of  2-[pyridyl-(y)]-benzothiazole,  prepared 
by  heating  the  latter  with  methyl  iodide  (experiment  VI  A),  melts  at  256*. 

SUMMARY 

1.  The  isomeric  2-fpyridyl-(a)]-  2  (pyridyl-(B)]-,  and  2-(pyridyl-(y)]-benzothiazoles  were  synthesized. 
The  synthesis  of  these  benzothiazole  derivatives  was  effected  by  condensation  of  o-aminothiophenol  with  the 
pyridinemonocarboxylic  acids  or  then  chlorides. 

2.  The  quaternary  salts  of  the  2-pyridylben20thiazoles  were  prepared  and  it  was  established  that:  a) 
after  introduction  into  the  2*posvtion  of  the  benzothiazole  molecule  of  the  pyridyl(a)-,  pyridyl-(fl)  and 
Pyridyl-(y)-residues,  no  basic  properties  were  detected  ui  the  benzothiazole:  b)  the  basic  properties  of 
pyridine  are  sharply  diminished  by  the  introduction  of  the  benzoihiazolyl-(2)-fesidue  in  the  a -position  of 

its  molecule;  when  the  same  residue  is  introduced  into  the  0*or  y-position,  the  basic  properties  of  the 
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pyridine  are  only  slightly  weakened,  although  they  disappear  if  a  salt  is  formed  at  the  nitrogen  of  the  benzothlazo] 
residue. 

3.  Isomerization  u  observed  of  the  alkyl  iodide  compounds  of  2-(pyrIdyl-(5)}'  and  2-[pyridyl<(y)]-benzo- 
thiazoles  in  which  the  alkyl  is  at  the  nitrogen  atom  of  the  benzothiazole  residue;  when  these  quaternary  ults  are 
heated  to  fusion  point,  the  alkyl  migrates  to  the  nitrogen  atom  of  the  pyridine  residue.  The  methoiodide  of 
2-fpyndyl-(a)}-benzothiazole  decomposes  when  melted  and  evolves  methyl  iodide  to  leave  the  corresponding  base] 
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REDUCTION  OF  DIOXINDOLC  AT  THE  DROPPING  MERCURY  ELECTRODE 


I.  A.  Korshunov  and  L.  N.  Sazanova 

In  a  study  of  the  reduction  of  Isatln  at  the  dropping  mercury  electrode*  it  was  established  that  isatin 
belongs  to  the  group  of  organic  substances  which  undergo  reduction  at  the  dropping  mercury  electrode.  Diffusion 
currents  of  Isatln  can  be  detected  when  the  media  arc  electrolytes  with  neutral,  acid  or  alkaline  reaction.  In 
these  solutions  isatin  is  transformed  in  suitable  conditions  into  isatinic  acid  with  cleavage  of  the  pyrrole  ring. 

The  speed  of  conversion  depends  on  the  pH  of  the  solution  and  on  the  tempetature,  and  it  increases  with  rising 
pH  and  temperature  of  solution. 

The  structure  of  diostindole  Is  similar  to  that  of  Isatin,  so  that  we  should  expect  it  also  to  undergo 
reduction  at  the  dropping  mercury  electrode  with  development  of  diffusion  waves.  The  following  experiments 
confirm  the  correctness  of  this  assumption. 

The  dioxlndole  required  for  the  investigation  was  synthesized  by  us  by  Heller's  method:  reduction  of 
isatin  with  zinc  dust  in  glacial  acetic  acid  at  room  temperature.  The  dioxindole  was  extracted  with  hot 
alcohol  and  purified  by  repeated  crystallization.  The  m.p^of  the  synthesized  product  was  178-180*.  The 
investigation  was  carried  out  with  an  alcoholic  solution  of  dioxindole  containing  80<^  ethyl  alcohol.  Prior 
to  the  polarographic  measurements  the  starting  solution  was  mixed  with  the  required  solution  of  the  medium 
in  the  proportion  which  gave  the  required  concentration.  Buffered  and  nonbuffered  solutions  were  used  as 
solutions  of  indifferent  electrolytes.  Buffered  solutions  were  prepared  from  solutions  of  boric,  acetic  and 
phosphoric  acids,  neutralized  with  sodium  hydroxide  solution. 

t/ 

The  unbuffered  solutions  were  1  N  solution  of  lithium  chloride.  2  N  solution  of  lithium  nitrate,  a 
mixture  of  0.5  N  ammonia  solution  and  ammonium  chloride,  and  0.2  N  potassium  hydroxide  solution. 

The  electrolytic  cell  and  the  dropping  mercury  electrode  were  of  normal  design.  Measurements  were 
performed  with  a  capillary  which  delivered  mercury  at  the  rate  of  1.38  mg/sec  and  the  period  of  dropping 
was  3.8  sec.  The  evolved  oxygen  was  not  removed  since  dissolved  oxygen  did  not  Interfere  with  the  polarog.aphlc 
measurements  of  the  fairly  concentrated  dioxindole  solutions.  Ail  measurements  were  performed  at  a  temperature 
of  20^0.5*  in  a  thermosut.  The  half-wave  potential  of  dioxindole  was  measured  in  relation  to  the  reference 
saturated  calomel  electrode  whose  potential  was  arbitrarily  assumed  to  be  zero. 

Diffusion  currents  were  measured  with  the  help  of  a  visual  polarograph  and  a  galvanometer  with  a 
sensitivity  of  0.49- 10"*  A  per  scale  division. 

EXPERIMENTAL  RESULTS  AND  THEIR  EVALUATION 

Dioxindole  diffusion  currents  with  horizontal  portions  at  the  start  and  finish  of  the  polarization  curve 
were  observed  in  buffer  solutions  whose  pH  was  less  than  5.15  5  20.  In  buffer  solutions  whose  pH  was  higher 
than  5.15-5.20,  a  precipitate  came  down  and  diffusion  waves  of  the  reduction  are  not  formed  (Figure  1). 

In  Table  1  are  presented  results  of  measurements  of  the  half-wave  potentials  of  dioxindole  and  values  of 
the  diffusion  currents  of  the  latter  when  using  buffered  solutions  of  the  composition  indicated  above  as 
indifferent  electrolytes. 

It  follows  from  the  data  of  Table  1  that  the  half-wave  potential  of  dioxindole  in  buffered  solutions 
remains  substantially  constant  with  changing  pH  of  the  medium  and  changing  concentration  of  the  substance 
which  is  being  reduced. 

The  reduction  of  dioxindole  in  presence  of  solutions  of  lithium  chloride  and  nitrate,  ammonia  and 
caustic  alkalies  is  accompanied  by  formation  of  one  diffusion  wave  on  the  polarograms.  The  numerical  values 
of  the  potentials  and  diffusion  currents  of  dioxindole  in  a  medium  of  unbuffered  solutions  are  set  out  in  Table  2. 

A  yellow  precipitate  is  formed  in  poussium  hydroxide  solutions  and  the  diffusion  current  of  dioxindole. 
could  not  be  detected. 

*  1  A,  Korshunov  and  M  K.  Shchennikova,  J.  Phys.  Chem.  USSR,  24,  813  (1950). 
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TABLE  1 

Half-Wave  Potential  and  Diffusion 
Currents  of  Dioxindole  in  Buffer 
Solution 


pH  value 


ir  v»  (IP.  V) 
Cone,  of 
dioxindole 


I  Cone,  of 
j  dioxindole 
•  (in  mmoVl) 


3  5  ^ 

1  9  ] 

3  5 

1  03 

!l  06 

1  06 

4  35 

8  84 

2  50 

1.05 

1  05 

4.54 

8  80 

3.25 

1.04 

1  06 

4.56 

8.80 

3.76 

i  06 

1.04 

4.54 

8.43 

4.17 

1.07 

1.07 

4.47 

8.43 

4.76 

il  06 

1  04 

1  4  54 

8.23 

5.15 

1.06 

1  04 

4.54 

8.43 

TABLE  2  * 

Half  Wave  Potentials  and  Diffusion  Currenttof  Dioxindole  in 
a  Medium  of  Unbuffered  Solutions.  Concentration  of 
Dioxindole  1.9  mmol/1 

Comp,  of  medium  (in  \0  M  (io  uA) 

1  N  lithium  chloride  1.06  3.92 

1  N  lithium  niuate  1.02  3.92 

0.5  N  ammonium  chloride 
and  0.5  N  am.noma  1.32  4,92 


In  the  reduction  of  dioxindole  at  the  dropping  mere 
electrode  in  an  acid  medium,  a  direct  proportionality  was 
observed  between  the  diffusion  current  and  the  concentration; 
the  following  relation  was  valid  between  the  current  (in  micro 
amperes)  and  the  dioxindole  content  (in  millimoles  per  liter) 
for  our  capillary; 


i^  =  2.46  C. 

where  i^  is  the  diffusion  current  and  C  is  the  dioxindole  concentration. 

The  stxaight-line  plot. for  dioxindole  in  presence  of  a  buffered  solution  of  pH  =  2.5  is  given  in  Figure  2. 


Fig.  1  Diffusion  currents  of  dioxindole  solutions 
in  a  medium  of  a  buffer  solution  with  pH  =  2  5. 
1)  Cincentration  1  1  mmol/1  2)  concentration 
1  'i  mmol/^;  3)  concentration  3  8  mmol/1. 


/ 

C  C-.YC. 


1  J  f  5  6 

•  7  '*  XT/.V.'  ,  m  . 


Fig  2  Straight-line  plot  for  dioxindole  in  a 
buffeted  solution  with  pH  =  2.5. 


The  llkovic  equation  may  be  utilized  fo:  determination  of  the  number  of  electrons  participating  iri  the 
reduction  reaction: 

id  =  605  nD'/*n*4 

The  diifusion  coefficient  of  dioxindole.  D  enters  into  this  equation.  We  arbitrarily  assumed  the  latter 
to  be  0  3  10* ‘  c‘sec*  no  litetature  data  being  available. 

On  substituting  our  data  ar'd  the  above  magnitude  of  the  diffusion  coefficient  we  obtain  a  value  close 
to  2  for  ji .  which  indicates  the  two-clectrode  process  of  the  reduction. 

The  Hcyrovsky-llkovic  equation  for  the  polarographic  wave  can  also  be  applied  to  the  determination  of 
the  number  of  electrons  participating  in  the  reduction  reaction  of  the  dioxindole  molecule: 

.  2.3RT  ,  id-i 
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This  equation  U  In  good  agreement  with  the  expcrimenral  data  for  the  dependence  of  the  diffusion 
current  on  the  potential  pf  the  dropping  mercury  electrode.  All  the  experimental  points  He  on  a  straight  lines 
however,  the  slope  of  the  straight  line  in  the  t  versus  log  plot  gives  value  less  than  unity  for  n.  The 

fractional  value  of  n  is  probably  due  to  the  ineversibility  ol  the  process  of  reduction  and  the  complexity  of  the 
reaction  at  the  electrode. 

SUMMARY 

1.  It  is  shown  that  the  dloxindole  molecule  is  reduced  at  the  dropping  mercury  electrode  m  media 
with  an  acidic  reaction. 

2.  The  number  of  electrons  participatmg  in  the  reduction  reaction  of  the  dioxindole  molecule  is  found. 


Received  September  10.  1951 
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ISOQUINOLINE  COMPOUNDS 

VII.  SYNTHESIS  OF  6 ’(a '•DIETHYLACETAL)-PROPYLGLUTARIC  ACID 


M.  S.  Bainova,  R.  P.  Evtticneeva,  R.  S.  Livshits* 
K.  K.  Kuzmina  and  N.A.  Preobrazhensky 


We  have  already  drawn  attention  [1]  to  the  importance  in  work  on  the  synthesis  of  the  alkaloid,  emetime,  of 
the  investigation  of  compounds  with  a  carbon  skeleton  corresponding  to  the  central  portion  of  the  molecule  of  the 
alkaloid.  The  following  compounds  were  previously  prepared  for  this  purpose:  a)  Ethyl  ester  of  B-(a*-cyano)*propyl- 
glutaric  acid;  b)  y-cthyl-6-valerolactone-B-acetic  acid;  and  c)  ethyl  ester  of  0-^a'-broniomethc)-prcpylglutaric 
acid  [2J.  !n  addition  we  have  now  developed  a  method  for  preparation  of  B-^a '-diethylacetall-propylglutaric  acid 
(I).  By  condensing  this  acetal  with  homoveratrylamine  fil)  we  synthesized  the  ester  of  N-homoverairyl-6 -ethyl- «• 
piperidone-  y-acetic  acid  (III)i  which  we  p.-eviously  described  [2)  and  which  leads  to  emetine  (IV)  through  a  series 
of  steps: 


(III)  (IV) 


We  effected  the  synthesis  of  B-(a’-diethylacetal)-propylglutaric  acid  (LR'  =  H)  by  the  following  scheme. 


C  H,-C  H, -C I  i,  ^  H  =  C  H-COOH 
(V) 


CH(OR), 

CH,-CH,-CH“CH  =  CH-COOR 
(VIII) 


I 


CH(OR), 

^  I 

CH,-CH,“CH“CH“Cl^-COOR 

I 

CM(C00R)4 

”  1 

CH(OR),  i 

CH,  -Clh  -CH  -CH(CH,COOR), 
(XII) 


c=o 


C  H,-C  l^-c  ih  ”C  H- C  H-<'OOa ' 
(V!) 


CH,-CHi-CH-CH  =  CH-COOR  (VIO 


CHOR 
11 

CH,-C1^  -C-CHCl-CI^- C(X)R 
(IX) 


1 


^HOR 

CH,--CH|  -C  -CH  -CI^  -COOR 

CH(COOR), 

(XI) 

CH(OR),  CHL  -CO 

I  /  • 

CH,-CH,-CH — CH  O 

\  / 

Cl^-CO 


(XUO 


Deceased 
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B'Ptopylacryllc  acid  (V),  prepared  from  butyraldehyde  and  malonic  acid  [3],  it  eiterified  to  (V!)  which  it 
then  condensed  with  ethyl  formate  to  give  the  formyl  derivative  of  the  ester  of  e-propylacrylic  acl  W  (VII). 

Heating  of  the  ester  of  y-formyl*  fl.0-hexenoic  acid  (VID  with  ethyl  orthoformate  in  a  medium  of  alcohol  in 
presence  of  a  small  amount  of  ammonium  chloride  as  catalyst  gives  the  ester  of  the  acetal  of  y-formyl-a,6- 
hexenoic  acid  [5]  (VIII).  On  the  other  hand,  reaction  of  the  ester  (VII)  with  alcohol  in  a  current  of  dry  hydrogen 
chloride  gives  the  partial  acetal,  and  a  molecule  of  hydrogen  chloiide  adds  on  at  the  double  bond  (6)  (IX). 

Great  difficulties  are  encountered  in  working  with  both  the  formyl  derivatives  and  the  acetals  of  the  ester 
of  hexcnoic  acid.  Like  other  acrylic  acid  deiivaiives,  these  compounds  rapidly  polymerize.  The  pure  compounds 
could  be  isolated  by  distilling  them  in  a  current  of  inert  gas  at.d  in  presence  of  a  small  amount  of  hexamethylene 
tetramine  as  stabilizer.  Condensation  of  the  ester  of  both  of  the  acetals  of  y*formyl-  fl.fi-hexenoic  acid  (Vlll  and 
IX)  with  ethyl  malonate  in  presence  of  sodium  alcoholate  leads  to  the  corresponding  tricarboxylic  esteis  (X  and  XI). 
Saponification  of  the  estei  of  a-carbethoxy*0-(fl '"dlethylacetaO-propylglutaric  acid  (X)  with  the  calculated  amount 
of  an  aqueous  alcoholic  solution  of  potassium  hydroxide  followed  by  acidification  and  decarboxylation  results  in 
separation  of  6 -(a*  dicthylacetal)-propylglutaric  acid  (XII).  distillation  of  which  in  vacuum  leads  to  the  anhydride 
of  the  acid  (XIII). 

EXPERIMENTAL 

S'Propylaciylic  acid  (V)  is  prepared  by  the  usual  meiliod,  e.g. ,  by  heating  a  stirred  mixture  of  60  g  (1  mole) 
freshly” distilled  butyraldehyde  (b  p.  75’').  87  g  (1  mole)  malonic  acid,  40  ml  pyridine  and  a  few  drops  piperidine  for 
3  hours  at  60*70*  and  for  the  same  period  at  110*.  The  pyridine  is  removed  and  the  residue  distilled  in  vacuum. 

0 -Propyl acrylic  acid  is  a  white  crystalline  substance,  highly  soluble  in  alcohol  and  ethers,  poorly  soluble  in 
cold  water.  B  p.  98-102*  at  8  mm[2];  m.p.  34-35*.  Yield  75  g,  or  79*^  of  the  theoretical. 

Ethyl  ester  of  0-  popylacryllc  acid  (VI)  is  prepared  by  heating  85  g  (1  mole)  0'pfopylacrylic  acid,  120  ml 
absolute  ethyl  alcohol  and  12  ml  sulfuric  acid(?>.g.  1.84)  for  7  hours  B.p.  174-175*  [2j.  Yield  81  g  or  76*^01  the 
theoretical.  Colorless  liquid,  soluble  in  benzene,  ether,  alcohol  and  chloroform,  insoluble  in  water. 

Ethyl  ester  of  y-formyl-a .8-hexenoic  acid  (VllJ-Into  13  g  (1  g-atom)  metallic  sodium  in  400  g  absolute 
toluene  is  run  50  g  (1  2  moles)  freshly  distilled  ethyl  formate  and  80  g  (1  mole)  ethyl  0-propylacrylate.  Bubbles  of 
hydrogen  are  evolved.  The  mass  acquires  an  orange  color  and  gradually  deposits  a  precipitate  of  the  sodium  com¬ 
pound  of  the  ethyl  ester  of  y  -formyl- a, 0-hexenoic  acid.  The  reaction  usually  extends  over  a  period  of  24  hours. 

The  reaction  mi.xture  is  carefully  poured  onto  ice.  Tne  toluene  layer  is  separated  and  the  aqueous  layer  is  extracted 
3-4  times  vritn  benzene  for  removal  of  unreacted  ethyl  ester  of  propylacrylic  acid.  The  aqueous  solution  is  cooled 
and  acidified  with  phosphoric  acid  (Congo  red  test).  The  formyl  derivative  is  e.xtracted  with  ether,  and  the  extract 
is  dried  with  sodium  sulfate.  Distillation  of  the  solvent  leaves  52  g  (54  ‘^)  of  technical  ester  of  y-formyl-o,0- 
hexenoic  acid  From  10  g  of  the  substance  distilled  at  65-70*  (1  mm)  in  a  nitrogen  stream  in  presence  of  a  small 
amount  of  hexamethylenetetramine  was  obtained  2.9  g  ethyl  ester  of  y-formyl-a  0-hexenoic  ac;d.  Colorless 
liquid,  soluble  in  benzer^  alcohol  and  ether.  It  gives  a  violet  coloration  with  an  aqueous  solution  of  iron  chloiide[3 


djJ  1.0412,  rjj  1  4648  45  17,  Calculated  MRq  44.96  (for  the  aldehyde  form),  46.01  (for  the  enol  form) 


3  005  mg  substance  7  02f  mg  CO,;  2  320  ml  H,0.  2.99'  mg  substance  7  010  mg  CO,;  2.360  mg  H,0  Found 
C  63,70.  b3  82  H  8.63,  8.81  C^i,0,  Calculated  ‘J'o-  63.48,  H  8.29. 

Owing  to  the  fact  that  a  large  proportion  of  the  ethyl  ester  of  y-  formyl-tt,0-hexenolc  acid  polymerizes  during 
distillation,  the  next  stage  -  the  preparation  of  the  acetal  -•  was  performed  both  with  the  distilled  and  the  technical 
material  but  there  was  little  difference  in  yield. 

Ethyl  8  chloro  j^e^ymethylcnccaproate  (IX)  A  mixture  of  11  g  (1  mole)  sodium  compound  of  the  ethyl 
ester  of  y-formyl-a  0-hexerioic  acid  12  g  (4  55  moles)  absolute  ethyl  alcohol  and  45  ml  absolute  ether,  previously 
saturated  with  4  6  g  (2  2  moles)  hydrogen  chloride  ate  mixed  with  external  cooling  for  2  hours  and  then  at  room 
temperature  for  14  hours  The  reaction  mixture  is  treated  with  sodium  bicarbonate  for  complete  neutralization  of 
the  hydrogen  chloride  The  resultant  precipitate  is  filtered  and  washed  3  times  with  15  ml  lots  of  ether  The  sol¬ 
vent  is  driven  off  and  the  recdue  distilled  b  p  68-78-  at  5  mm.  yield  4  1  g  (30.5<Ji,  of  the  theoretical).  A  color¬ 
less  liquid  with  an  unpleasant  odor,  soluble  in  alcohol  benzene  ether  and  chloroform. 

d„  0  9927.  njj  1,4459.  MRq  62  98,  calculated  60.70. 

50  25.^^Tl6.*  2  "A  Found  C  55  56,  H7.77.  C„H,pXI.  Calculated  <^: 


/ 

X 


Ethyl  ester  of  y-(a*"<lletiiyUcef  l)-<t.fl-hexenolc  acid  rrm.  To  a  mixture  of  5  » (t  mole)  distilled' ethyl 
ester  of  y  -  formyl  ”fl»B^iexenolc  acid  and  4.35  g  (1  mole)  freshi'y  distilled  ethyl  oeiLetotaiate  is  added  0.1  g 
(0.63  mole)  ammonium  chloride  in  2  ml  absolute  alcohol.  The  unixture  is  then  heated  otx  a  boiling  water  bath 
for  30  minutes.  On  the  following  day  the  liquid  is  decanted  off.,  mixed  with  double  the  qjuntlty  of  ether  and 
washed  several  times  with  5^  ammonia, solution  until  the  turbuisiy  disappears,  and  rtieir  with  water  until  neutral. 

The  ethereal  solution  is  dried  with  potassium  carbonate.  The  residue  after  removal  of  solvent  is  distUled  in 
vacuum  in  a  nitrogen  stream  in  presence  of  hexamethylenetetraraune;  b.p.  79-83*  ax  0.8  mm.  Yield  2.55  g,  or  ' 
35.6^  of  the  theoretical.  The  ester  is  a  colorless  liquid,  solubbe  an  alcohol,  ether  assd  chDoroforra;  insoluble  in  water. 

*  r  .  ' 

3.135  mg  substance:  7.325  mg  CC^;  2.650  mg  Foumi^i:  C  63.71;  H  9^.46.  Ci,t%404.  Calculated  •%: 

C  63.88;  H  9.90. 

Ethyl  fl-carbethoxy-6-(c*-ethoxyme;hylene)-propyl8lutarane  (XI).  To  sodima  aJooholate  prepared  from  4  ml 
absolute  alcohol  and  0.22  g  (1  mole)  metallic  sodium  is  added  ai  30-40*  3  g  (2  moSe*}  e?}tyl  malonate  and  the  mix¬ 
ture  kept  at  this  temperature  for  30  minutes.  Addition  is  then  ni.ade  of  2  g  (1  moIe|  e±yt  ester  of  0-chloro-y- 
etlioxymethylenecaprolc  acid.  The  mixture  is  heated  for  5  bouts.  On  the  following  day  the  alcohol  is  distilled  off 
and  the  residue  poured  on  to  ice.  The  separated  oil  is  extracted  with  benzene  and!  tSae  ex7act  is  dried  with  calcined 
sodium  sulfate.  The  residue  after  removal  of  the  benzene  is  discilled  with  addition  cf  h  rramethylenetetraraine; 
b.p.  148-149*  at  2.5  mm.  Yield  1.7  g  or  55.7  ^  of  the  theoretical.  The  ester  is  a  ccOotjeas  liquid,  soluble  in  alcohol 
and  ether,  insoluble  in  water. 

3.260  mg  substance:  7.190  mg  CO^:  2.510  mg  1^0.  2. 9211  mg  substance:  6L4T;d  zDg  CO^;  2.290  mg  H|0. 

Found  ‘Jo:  C  60.14,  60.42;  H  8.61,  8.77.  CuH„0,.  Calculated  S-  C  60.29;  H  8.44. 

Ethyl  ester  of  fl-carbethoxy-fl-(a*-dlethylaceul)-pcopylgIunfcric  acid  (X).  To  seduem  alcoholate  prepared 
from  0.6  gflgsxorh)  sodium  and  10  ml  absolute  alcohol  is  added.  t,8  g  (2  moles)  er±yl  csaLonate  and  6  g  (1  mole) 
ethyl  ester  of  y-(2*-diethylacetal)-a,8-hexenoic  acid.  The  mianure  is  heated  on  a  boiling  water  bath  for  5  hour^ 
The  ethyl  ester  of  a-carbethoxy-8-(a*-diethylacetal)-propylglutatnc  acid  is  separated  by  che  usual  method.  9.p. 
ISO-163*  (1  mm).  Yield  4.8  g  or  AS.yJo  of  the  theoretical.  CoLmtSess  liquid,  soluble  m  echer,  alcohol  and  benzene, 
insoluble  in  water. 

3.175  mg  substance:  6.910  mg  CO^;  2.485  mg  HjO.  3.055  mg  substance:  S.e^SimgCO^:  2400  mg  H|0. 

Found  ijb:  C  59.34,  59.40;. H  8.75,  8.79.  C„H,rO^  Calculated  5=  C  59.36;  H  8.9T. 

6-(a  *-Dlethylacetal)-propylglutaric  anhydride  (XIll).  To  5.5  g  (1  mole)  etirjJ  Cj-ier  of  a-carbeihoxy-6-(€*- 
diethylacetal)-propylglutaric  acid  is  added  a  solution  of  4.6  g  (»»  moles)  potassium:  byc^criide  in  45  ml  water  and  45 
ml  methyl  alcohol,  and  the  mixture  is  refluxed  for  5  hours.  Aftec  distilling  off  die  alcc^ioC,  the  aqueous  solution 
(cooled  to  0*)  of  the  potassium  salt  of  the  ethyl  ester  of  a -carbetnexy-fl-(tt'-dieth7lai£*-:a2j^opylglutaric  acid  la 
mixed  with  150  ml  ether  and  carefully  treated  with  hydrochloric  acid  until  weakly  arod.  The  ether  layer  is 
separated.  Free  acid  is  extracted  from  the  aqueous  solution  witit  «ther.  After  distiHmig  c^f  the  solvent,  the  residue 
1$  heated  on  an  oil  bxrh  for  an  hour  at  16C*  (20  mm),  after  which:  it  is  distilled:  b.p.  155-I5T*  (4mm).  Yield  1.3  g 
or  37^  of  the  theoretical.  The  anhydride  is  a  viscous  liquid,  dac3<ening  in  the  air,  xiicis  in  benzene,  ether  and 
alcohol:  slightly  soluble  in  water. 

3.PC5  mg  substance:  6.695  mg  Cp|;  2.295  mg  H,0.  2.98«L  mg  substance:  6  i&55rgCp|:  2.265  mg  H,0; 

Found  ‘Jh:  C  60.75,  .60.90;  H  8.54,  8.50.  Ci,H,|Oj.  Calculated  ‘5>.  C  60.43;  H  8.591. 


SUMMARY 

l«Syniheses  were  effected  of  0-(a '-diethylacetal)-propylglutacic  acid  and  its  ancydrsie.  intermediates  for  the 
synthesis  of  emetine. 

2.Method$  were  developed  for  the  preparation  cf  the  ethyl  esaer  of  y  formyl-*  5-bt>enoic  acid  and  the  ethyls 
ester  of  )r-(a*-<liethylacetal)-fl,6-hexenoic  acid;  as  well  as  of  suflwunces  confirmurs  Toir-n  structure;  the  ethyl 
ester  of  0-cnloro-  y-ethoxymethylenecaproic  acid  and  the  ethyl  *«er  of  a-carbetiscxy-J-ta’-ethoxymethylene)- 
propylglutaric  acid. 
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VIII.  CONDENSATION  OF  o '-SUBSTITUTED  B -PROPYLCLUT A RIC  ACIDS  , 

WITH  HOMOVERATRYLAMINE  - 

L.  I.  Zakharkin  and  N,  A.  Preobrazhensky 


The  basis  of  our  synthesis  of  the  alkaloid  emetine  [1]  is  the  condensation  of  esters  of  a '-substituted  6-propyl- 
glutaric  acids  with  homoveratrylamine.  We  had  earlier  described  the  reaction  between  homoveratrylamine  and 
the  ester  of  6*<a**cyano)-propylglutaric  acid  which  successfully  led  tlirough  a  series  of  intermediate  compounds  to 
the  preparation  of  emetine. 

In  this  paper  we  describe  the  condensation  of  homoveratrylamine  (l)with  y-ethyl-S-valerolactone-  y-acetic 
acid  (U)  and  0‘(a*’bromometho)-propylglutaric  acid  (III),  previously  prepared  by  another  route  (2]. 


These  syntheses  are  characterized  by  the  following  general  scheme: 
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Rceilon  o(  «.rtlng  compound.  (II)  .nd  (III)  with  on.  molecule  of  l.omo.e..nyl.mlne  (0  give,  fe^ctluel,. 
.he  h«n.o.e,.tr,!.m,de  of  r-e.hyl-«-v.le,ol,cu.ne.  (-.ce.lc  .old  (IV)  f^hlch  U  tt.n.fo,medjdU.  pho^onw. 
“,«hlo,lde  into  the  6.7-atmetl.o,,  detlv.tlve  of  dll„diol«>qu.noIln.  (V)J  end  the  e..e,  of  N-l»mo»...tt,>. 
d <thyl-«-plperldon-r-ecettc  .cld  (VI).  By  pe.fo.mlng  .1.1.  m.ction  win.  excew  of  ho.nove..ttyl.mlne.we  een 
Ifolite  the  dumidei  of  itructure  (VII). 


•^Vo/ 


I  'i  Joci^ 


vi 


the  dihomoverAtryliniide  of  6-(a*‘Oxymetho)“propylgIutailc  acid  (when  Z  =  CHOH)  and  the  dihcmoveiatry* 
lamlde  of  5-<a’-bromonietho)-propyJglutaric  acid  (when  Z  = 

At  we  have  previously  shown  [1],  compounds  (IV  to  VII)  are  Intermediates  for  the  syntheiit^f  emetine.  For 
example,  cycllzation  of  compounds  (VII)  followed  by  reduction  leads  to  emetine,  moreover,  compounds  (V)  and 
(VI)  can  be  utilized  for  elucidation  of  the  stereochemical  structure  and  of  the  effect  of  individual  elements  in  the 
molecule  on  ^e  physiological  action  cf  this  alkaloid. 

EXPERIMENTAL 

1.  y-Ethyl-  6-valerolactone»  B-acetyl  chloride.  4.5  g  y-cthyl-6-valerolactone-  y-acetic  acid  is  dissolved  in 
S  ml  thionyl  chloride  and  the  solution  left  at  room  temperature  for  2  hours.  The  excess  of  thionyl  chloride  is  dis¬ 
tilled  off  and  the  residue  is  distilled  in  vacuum.  B  p.  of  the  chloride  137*138*  at  3  mm.  Yield  3.7  g  or  47^  of 
the  theoretical. 

2.  Homoveratrylamide  of  y -ethyl- 6-valerolactone-B-ace^  ^cid  (fV).  3.4  g  homoverattylamine  and  1.7  g 
dry  pyridine  are  dissolved  in  50  ml  benzene.  Into  the  t^nzene  solution  is  stirred  a  solution  of  3.7  g  y-ethyl-6 
valerolactoise-B-acetyl  chloride  in  10  ml  benzene.  Pyridine  hydrochloride  is  precipitated  almost  at  once.  Stirring 
is  then  continued  for  an  hour  at  room  temperature,  sfrer  which  water  is  added  to  dissolve  the  pyridine  hydrochloride, 
the  benzene  solution  is  separated  from  the  aqueous  layer  and  washed  in  succession  with  dilute  hydrochloric  acid  and 
sodium  bicarbonate  solution.  After  drying  with  sodium  <ulfate.  the  benzene  is  dutilled  off  in  vacuum.  The  residue 
is  a  lightvbrown,  viscous  oil;  yield  5.6  g  or  8f<5tofthe  theoietical. 

10.760  mg  substance:  0.367  ml  (23*.  728  mm).  Found  N  3.77.  Calculated  N  3.92. 

3.  y-Ethyl-  6-valerolactone-  b-f  l-,Tiethylene-6  7-dimethoxy*3.4-dihydroisoquinolir.e)  (V)  A  solution  of  5  g 
homoveratrylamide  of  y-ethyl-  6-vale,  jlactone-  B-acetic  acid  and  7.5  ml  phosphorus  oxychloride  in  50  ml  dry 
toluene  is  heated  at  a  gentle  boll  for  an  hour.  After  cooling  to  room  temperature  the  faintly  colored  toluene 
solution  IS  decanted  from  the  viscous  precipitate.  The  latter  is  twice  washed  with  ether  and  30  ml  water  acidified 
with  2  ml  hydrochloric  acid  is  added.  The  acid  solution  is  freed  from  insoluble  resins  and  treated  with  saturated 
sodium  iodide  solution  until  pteclpitation  is  complete.  The  resultant  oil  is  extracted  with  chloroform.  After 
drying,  the  chloroform  is  diiven  off  in  vacuum,  and  the  residue  is  dissolved  in  ether  and  recovered  as  a  light  yellow 
amorphous  powder.  Rucrystallization  from  alcohol  gives  the  finely  crystalline  yellowish  hydioiodide  of  y-cihyl-6 
valerolactone-  6-(l-methylene  ^,7-dimethoxy-3,4-<lihydrolsoquinoline).  Mp.  l99-20i*.  Yield  2.1  g  or  32^  of 

the  theoretical ; 

4.475  mg  substance;  0.127  ml  (22*.  756  mm).  Found‘d:  N  3  27.  Calculated  N3.05. 

M.p.  of  the  picrate,  recrystailized  from  alcohol,  181-182*. 

3.750  mg  substance;  0  324  ml  1^  (22*.  756  mm).  Found  N  9  94  C,i,HjyOijN4.  Calculated  N  9.98. 

^  1;  ..Diethyl  ester  of  B  -(a  •-bromometho)-piopylglutaric  acid  flin.  A  solution  of  6  g  y-cthyl-6  -valeiolaclone- 


6  -acetic  acid  in  50  ml  absolute  alcohol  is  saturated  with  dry  hydrogen  bromide  at  0*  and  allowed  to  stand  for  12 
hours^  The  alcohol  is  distilled  off  in  vacuum  and  the  residue  poured  into  cold  water  and  extracted  with  benzene. 
The  benzene  solution  is  washed  with  a  sodium  bicarbonate  solution.  The  benzene  is  taken  off  in  vacuum  and  the 
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Yield  7.6  g  or  17^  of  the  dieoietical;  1.4628. 


etter  is  distilled  «t  140>141*  (3  mm). 

3.020  mg  substance:  5.325  mg  C<^:  1.945  mg  H|0.  Found  in  C  48.12;  H  7.21  C|slW)4^.  Calculated 
C  48.28;  H  7.17. 

er 

Ethyl  ester  of  N-homoveratryl-  5-ethyl«  a-plperldon»  y-acetlc  acid  (Vn.  A  solution  of  5  g  diethyl  ester 


of  5*^a'*bfomomctho)-proi^lgluiaric  acid  and  12  g  homoveratrylamine  in  30  ml  dry  toluene  is  heated  on  an  oil 
bath  at  a  gentle  boll  for  2  y  hours.  After  cooling,  crystals  of  the  hydrobromide  are  precipitated.  Water  it  added 
and  the  toluene  solution  is  separated  from  the  aqueous  layer  and  washed  with  dilute  hydrochloric  acid.  The  toluene 
it  Uken  off  in  vacuum  and  the  residue  distaied.  B.  p.  227-23r  (2  mm).  Yield  1.3  g  (21.6*)fcof  the  theoretical). 


3.105  mg  substance;  7.645  mg  C(^;  2.195  mg  3.010  mg  subsunce:  7.410  mg  CO^;  2.250  mg  1%0. 
5.169  mg  subsunce:  0.171  ml  (23*.  763  mm).  Found  io:  C  67.19,  67.18;  H  7.91,  8.36;  N  3.83.  CuH^O^  N. 
CalcuUted  i>:  C  66.80;  H  8.27;  N  3.71. 


6.  Dihomoveratrylamide  of  B-fa-axymethol^opylglutaric  add  (VII,  Z  »  CH»OH).  3gY-ethyl-5 
valerolactonc-0-acctic  acid  (III)  u  beattd  with  8  g  homoveratrylamine  for  4  hours  at  190-200*.  Water  separates. 
After  cooling,  the  light-brown  mass  is  dissolved  in  benzene.  The  benzene  solution  is  washed  in  succession  with 
dilute  hydrochloric  acid  and  sodium  carbonate  solution.  After  drying  with  sodium  sulfate,  the  benzene  is  taken 
off  in  vacuum;  the  residue  weight  5.8  g  (68^  of  the  theoretical).  The  product  u  a  nonmobile  oil.  insoluble 
in  ether. 


3.280  mg  subsunce:  7.845  mg  CO^;  2.365  mg  H|0.  Found  8k:  C  65.27;  H  8.07.  CsyH^OjN^.  Calculated  8k: 
C  65.61:  H  7.98 


7.  Chloride  of  B-(tt*-bromometho)-propylgluuric  acid.  4  g  B-(a ’-bromomethoiipropylglutaric  acid  is  heated 
widi  5  ml  thionyl  chloride  on  a  water  bath  at  50*  for  2  hours  and  then  at  the  boiling  point  of  the  thionyl  chloride 
for  an  hour.  The  excess  of  thionyl  chloride  is  distilled  off  and  the  residue  distilled  ir  vacuum.  B.p.  of  the  acid 
chloride  141-143*  (2  mm).  Yield  3.5  g  (77.5 8k. of  the  theoretical). 


8.  Dihomoveratrylamlde  of  6-<a*-broniometho)-propylglutarlc  acid  (VII,  Z  gCHjBr).  To  a  benzene  solution 
of  7.3  g  homoveratrylamine,  cooled  with  iced  water,,  is  added  gradually,  with  stirring,  a  benzene  solution  of  3  g 
8-(a'‘bromometho)-propylglutarlc  acid  cblcride.'  Homoveratrylamine  hydrochloride  begins  to  separate  almost  Im¬ 
mediately.  After  the  addition  of  the  acid  chloride,  the  mixture  is  stirred  for  iVj  hours  at  room  temperarue.  Water 
is  then  added  to  dissolve  the  homoveratrylamine  hydrochloride,  and  the  benzene  solution  is  washed  in  succession 
with  dilute  hydrochloric  acid  (1:2)  ai>d  sodium  carbonate  solution.  After  drying  with  sodium  sulfate,  the  benzene 
is  distilled  off  In  vacuum.  The  residue  weighs  4.9  g  (838k  of  the  theoretical).  For  the  purpose  of  analysu  the 
dihomoveratrylamlde  of  0«(a*-bromometho)-ixopylglutaric  acid  was  teprecipiutcd  from  alcohol  by  addition  of 
ether.  A  light  orange,  viscous,  nonmobile  oil. 


4.845  mg  substance;  0.214  ml  (22*.  740  .mm).  Found  8k:  N  4.98.  C,^4lOb^^Br.  Calculated^:  N4.72. 


SUMMARY 


Condensation  of  homoveratrylamine  with  y  ethyl-  6 -v?^erolactone-0 -acetic  acid  or  0-(o’-bioroomeiho)-propyl- 

glutaric  acid  gave:/  -ethyl- 6'valerolactone-8-(i-methylen<'6,7-dimethoxy-3,4-dihydroisoquiik)line),  the  ester  of 

N-homoveratyl-  6-ethyl-a-piperidon-  y-icetic  acid,  the  dihoiwovetatrylamide  of  8-(a*-bromometho)-propylglutaric 
acid,  and  the  dihomoveratrylamlde  ol  0-(a*-oxymctho)-prrpylglutaric  acid  -  principal  intermediate  products  in 
the  synthesis  of  emetine. 
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THE  ALKALOIDS  OF  OROBANCHE  LUTEA 
I.  A  NEW  ALKALOID.  OROBANCHAMINE 


M.  M.  Rubinshtein^  C.  P.  Menshikov  end  P.  S.  Messegetov 


The  plint  Orobenche  lutee  belongs  fd  the  Orobancheceae  family,  it  ii  a  chlocophyU-free  parasite  which 
parasitizes  the  roots  of  plants.  Tlie  tnateiial  u>€d  in  the  piesent  investigation  was  collected  in  the  Transcaucasus. 
The  pulverized  above-^ound  pat»>  ol  the  plaitt  were  treated  wi»h  ammonia  solution  and  extracted  with  dichloro* 
ethane  to  yield  •  weak  base  in  the  pure,  ci>stalli:te  foim.  This  product  did  not  give  an  alkaline  teaction  to 
phenolphthaleln.  The  alkaloid  melts  at  193*194*  and  has  [a ♦33.92*.  The  results  of  the  elementary  analyses 
given  in  the  experimental  part  conespond  mo>t  closely  to  the  foimula  CuH,jO|4N,  but  thU  formula  cannot  be  con¬ 
sidered  finaL  With  such  a  large  molecular  weight  a  change  in  formula  by  two  hydrogen  atoms  mily  changes  the 
content  of  the  latter  by  0.37  which  is  almost  at  the  limit  of  analytical  accuracy.  Judging  by  the  constants,  but 
mainly  by  the  empirical  formula,  the  isolated  alkaloid  is  a  new,  previously  undescribed  substance  and  we  therefore 
propose  the  name  of  orobanchamine.  The  content  of  the  alkaloid  in  the  plant  is  very  small:  in  the  specimens  that 
we  investigated  it  did  not  exceed  0.06^,  calculated  on  the  au*dry  material.  The  oxygen  content  is  unusually  high 
for  an  alkaloid  and  suggests  the  possibility  of  (xobanchamine  being  a  glucoalkaloid.  Determirution  of  the  active 
hydrogen  content  by  the  Tserevitinov  method,  however,  compels  this  supposition  tc  be  rejected. 


EXPERIMENTAL 


1.8  kg  pulverized,  air-dry  above-ground  parts  of  the  plant  were  treated  with  10^  ammonia  solution  until  a 
strong  odor  of  ammonia  persisted,  and  e^ihaustively  extracted  with  dichloroethane.  The  dichloroethane  extract  was 
exhaustively  extracted  with  S'Jt  sulfuric  acid  soluuon.  The  acid  solution  was  purified  by  shaking  with  ether,  the  ether 
was  separated,  and  the  acid  solution  was  treated  with  excess  of  stroitg  ammuma  solution  before  being  extracted  with 
chloroform.  The  chloroform  extract  was  dried  with  sodium  sulfate,  filtered,  and  the  chloroform  removed  by  dis¬ 
tillation  first  at  the  ordinary  pressure  and  toward  the  end  in  vacuum.  Tnerc  remained  an  oil  which  crystallized 
fairly  quickly  on  standing.  The  crystalline  mas;  was  purified  fiom  the  accompanying  resins  by  trituration  with  5  ml 
of  a  mixture  of  2  parts  chloroform  and  1  part  petroleum  ether  (b.p.  60-80“).  After  filtration  arxi  drying,  the  product 
weighed  1.1  g.  It  was  recrystallized  from  20  times  the  amount  of  the  same  mixtute  of  chloroform  and  petroleum 
ether.  After  two  recrystallizatiotu  it  formed  fine,  colorless  prisms  melting  at  193-194*  and  maintaining  the  same 
melting  point  after  further  recrystallizarions. 


0.0339  g  subst.:  1  ml  alcohol;  1  1  dm:  a^rl  lS*.  [a]D  +  33.92*.  4.567  mg  subst.:  7.973  mg  CC^.  2.462  tng  H,0. 
4.134  mg  substance:  7.2f  mg  CO^.  2.273  mg  H,0.  8.9/0  mg  substance:  0.221  ml  N|  (23*.  736  mm).  7.210  mg 
substance:  0.183  ml  N|  (23*  735  mm).  Found  ‘Jfc  C  47  61.  47.58:  H  6.03,  6  13.  N  2.75,  2.83,  CnH3iOi4N.  Calcu> 
lated  %  C  47.13;  H  6.13;  N  2.75, 


Sulfur  and  active  hydrogen  were  not  found. 

Orobanchamine  is  readily  soluble  in  alcohol,  not  so  soluble  in  chlorofoim  and  ether  poorly  soluble  m  water 
and  petroleum  ether. 


SUMMARY 


A  new  alkaloid  of  the  composition  C,,H,iOnN,  named  orobanchamine,  has  been  isolated  from  Oroban^ 
.  a  parasitic  plant,  and  characterized. 
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INVESTIGATIOH  OF^THE  ALKALOIDS  OF,  STIZOLQPHUS  BALSAMITA  (LAM.).,. 

•  •  •  .**  •  .  .  ••  .  ;•  ».i  I*;  I 

A.  D.  Kuzovkov.  P.  S.  Matiagetov  and*R.  1.  Sogomazbva  ' 

‘  •  •  ■  •  ■  ••  .  •  V' ; '  ••  '  •  'j 


Stlzoiophui  baltamita  (Lam.)  (A.  Takht.  =  Centaurea  biisamtta  Lam.)  u  an  annual  plant  of  the  Compoiltae 
family.  The  above-ground  p)ortion  contists  of  thin,  rod-like  branched  stalks  up  to  80  cm  in  length.  The  leaves  are 
lanceolate.  The  racemes  are  large,  oviform  panicles  with  yellow  flowers.  The  plant  is  common  in  TYanscaucasus, 
and  in  the  Gruzian,  Azerbaijan  and  Armenian  SSR  The  local  population  uses  aqueous  decoctions  of  stizolophus^ 
as  a  medicament,  internally  for  fevers,  externally  as  a  gargle  in  tonsilitls  and  as  a  fomentation  In  shingles. 

The  material  for  study  of  the  alkaloids  and  their  pharmaceutical  and  anti-bacterial  properties  was  gathered  in 
1948  during  the  phenophase  of  budding  cn  June  27-28  on  the  dry  slopes  by  tho  Riber  Kura  above  the  village  of 
Aspindza  and  on  July  19  during  the  climax  of  flowering  in  the  plain  to  the  east  of  the  town  of  Tbilis  where  the  plant 
is  found  in  enormous  quantities.  '  .  .  * 

Extraction  with  dichloroe thane  of  the  ammonia-treated  above-ground  parts  of  the  plant  enabled  us  to  isolate  a 
crystalline,  optically  active  (faJo  ♦24.f*)base  which  melted  at  122-123*  with  decomposition.  The  analytical  re¬ 
sults  point  to  the  formula  CuHt^NOi.  Juoging  by  the  empirical  formula  and  the  constants,  the  base  is  a  new  com¬ 
pound.  not  previously  described  in  the  literature.  We  propose  the  name  "stizolophine"  for  It. 

The  content  of  the  alkaloid  in  the  specimens  of  Siizolophus  balsamita  that  we  examined  is  about  0.3jk  •, 

The  substance  is  readily  soluble  in  alcohol  and  acetone,  less  soluble  in  water  and  chloroform.  Aqueous  solutions 
of  the  base  (1  g  in  100  g  water)  have  a  pH  of  8.8.  Solutions  in  dilute  (5-10^)  inorganic  acids  are  unstable:  on 
standing  or  on  short -period  heating,  they  develop  a  cherry-red  color;  we  were  unable  to  recover  the  unchanged  base 
from  these  solutions.  The  majority  of  the  salu  of  stizolophine  that  we  prepared  were  amorphous:  the  only  ones  that 
crystallized  were  the  salicylate  *  C7HtO,,  melting  at  187-188*.  and  »he  viridiflorate*  C^HxjNO^-  C7H14O4, 

m.p.  168-169*. 

A  biological  study  of  stizolophine,  carried  out  in  the  pharmacological  department  of  the  .Ml*Union  Research 
Institute  of  Pharmaceutical  Chemistyby  M.  D.  Mashkovsky  and  S.  N.  Milovanovaya,  showed  that  the  alkaloid 
possesses  little  activity  pharmacologically  and  in  respect  of  antibacterial  action. 

EXPERIMENTAL 

4.6  kg  air-dry,  pulverized,  above-ground  parts  of  the  plant  were  wetted  with  10*^  ammonia  solution  and  ex-  . 
haustively  extracted  with  dichloroe  thane.  The  dichloroe  thane  extracts  were  shaken  with  10<^>  sulfuric  acid  solution 
used  without  excess  in  quantity  sufficient  for  neutralization.  The  acid  solution  was  treated,  while  cooling,  with 
excess  of  25‘55»  ammonia  solution  and  extracted  with  chloroform.  The  chloroform  extracts  were  dried  with  sodium 
sulfate  before  evaporation  to  ?  small  volume.  On  cooling,  stizolophine  crystallized  in  the  form  of  white  needles 
which  filled  the  whole  of  the  liquid.  Two  crystallizations  from  chloroform  gave  12  g  white,  very  slender  crystals, 
ra.p.  122-123*. 

3.470  mg  subsunce;  7.728  mg  CO*:  2.482  mg  HjO.  3,871  mg  substance:  8.648  mg  CO,;  2.724  mg  H,0. 

3.173  mg  substance:  6.997  mg  CO^;  2.201  mg  H,0.  4.985  mg  subsunce:  10,990  mg  CO,:  3.401  mg  h^O.  7.920 
mg  substance:  0.327  ml  N,  (23.5*,  725  mm).  9.360  mg  substance:  0.378  ml  N,  (23.0*.  734  mm).  6.130  mg 
subsunce:  0.255  ml  1^  (24.5*,  734  nm).  6.700  mg  substance:  0.269  ml  (22.5*.  733.5  mm)  4.864  mg  substance: 
5.47  ml  Na,S^O,.  0.0756  g  substance:  41.31  g  benzene:  At  0.033*.  Found  C  60.74,  60.93,  60.14,  60.12:  H 
8.00,  7.87,  7.76,  7.63;  N  4.55,  4.52,  4.60,  4.47:  NCH,  10.86;  M  281.  Cj4H,,Oj  (NCH,).  Calculated  C  60.59; 

H  7.80;  N  4.71;  NCH,  9.75;  M  297. 

*  In  addition  to  Stizolophus  balsamita  we  investigated  another  two  plants  of  the  Centaurea  family  for  their  content 
of  organic  bases  by  the  dichloroe  thane  extraction  method.  Centaurea  macrocephala.  collected  at  the  Sevansk'Pass 
on  July  10,  1948,  conulns  O.O'Jfc  of  toul  noncrysullizing  bases  (calculated  on  the  dry  plant),  Centaurea  ><^uano^ 
collected  In  the  Kura  River  valley  above  Akhaltsikh  on  July  24,  1948,  contains  a  toul  of  0.12<?»of  noncrysullizing 
bases. 

••Virldiflorlc  acid  is  prepared  by  saponification  of  the  alkaloid  vuldiflorlne  (J.  Gen,  Chem  ,18,  1736  (1948)).  159 


Equivalent  iMight:  0.2072  g  substance:  in  20  ml  water,  6.80  ml  0.1  N  HCI  (potentlouietrlcally-inflcctioa 
of  curve  at  pH  5.35),  equlv.  wt.  304. 

Specific  rotation:  1.272  g  substance  in  10  ml  water,  ^  ■  1  dm;  «  ♦S.IS*;  ♦  24.6*, 

Stizolophinr  salicylate  was  prepared  by  adding  an  alcoholic  solution  of  salicylic  acid  to  an  alcoholic  solutio 
of  the  alkaloid  until  the  reaction  was  acid  to  methyl  orange.  The  salt  crystallized  on  rubbing  with  a  glass  rod; 
m.p.  168*169*  after  recrystallization  from  acetone. 

8.020  mg  substance;  0.260  ml  N|  (22.0*.  734  mm).  8.795  mg  substance:  0.270  ml  N|  (21.5*,  734  mm). 
Found  i,:  N  3.62,  3.44  Crri^l.  Calculated  N  3.21. 

Stizolophine  viridiflorate  was  prepared  by  mixing  acetone  solutions  of  the  base  and  viridifloric  acid.  The 
Mlt  came  down  on  standing  and  melted  at  168*169*  after  crystallization  from  acetone. 

8.060  mg  substance.  0.228  ml  N|  (26.0*,  732.0  mm).  7.895  mg  substance:  0.226  ml  (27.0*.  732.0  mm). 
Found  N  3.10,  3.13.  CuI^.NO,  *  C7HMO4.  Calculated  N  3.04. ' 

SUMMARY 

A  new  alkaloid,  stizolophine  CuHnNO^.  was  isolated  from  Stizolophus  balsamtta  (Lam.).  The  plant  contains 
approximately  0.3^  of  the  alkaloid. 
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INVESTIGATION  OF  THE  ALKALOIDS  OF  NARDOSMIA  LAEVIGATA 
R.  S.  MassAgetov  ai»d  A.  D.  Knzo?ko? 


NardownU  laevigata  DC.  Is  a  perennial  herbaceous  plant  belonging  to  the  Compoaiue  family. 

Nardosmia  is  a  diclinous  plant,  throwing  out  floiifeious  stalks  with  yellow  clusters  of  flowers  early  in  Ae 
spring  shortly  after  the  melting  of  the  snow.  Tac  leaves  develop  after  flowering.  The  leaf  lamliue  are  large 
(15  X  25  cm),  reniform,  broad-crenate,  perfecUy  smooth,  located  at  long  petioles  seated  on  the  rhizome^  The 
rhizome  is  long  and  creeping:  in  die  fresh  state  it  has  a  characteristic  odor.  The  plant  grows  at  the  bottom  of 
swiftly  flowing  streams  and  in  the  water  close  to  the  banks  of  rivers,  often  forming  dense  beds  of  weeds.  It  is  found 
in  the  Altai,  in  die  North  European  part  of  the  USSR,  in  the  Urals  and  in  Northern  Mongolia.  In  the  Alul  the  plant 
is  considered  to  have  medicinal  value.  A  decoction  of  the  leaves  and  roots  is  drunk  in  nervous  ailments  and  as  a 
sedative.  Fot  the  study  of  the  alkaloids,  leaves  of  the  plant  were  gathered  on  Jhly  21*24  at  the  River  Malaya  Ulba 
(Western  Altai).  ^  . 

Although  studies  of  the  alkaloids  of  Nardosmia  laevigata  are  not  reported  in  the  literature,  the  fact  that  it 
belongs  to  the  Compositae  family  suggests  the  possibility  dug  they  contain  alkaloids  of  the  heliotridane  secies  which 
occur  in  various  Sene cio  plants  of  the  same  family.  This  surmise  has  been  fully  confirmed  aird  we  have  been  able  to 
isolate  and,  identify  the  alkaloids  of  the  plant  with  relative  ease.  We  isolated  the  alkaloids  by  the  usual  method  of 
extraction  of  the  bases  with  dichloroethane  from  the  ammonia  twetted  plrmts.  We  succeeded  in  isolating  three  of  the 
alkaloids  i^esent  in  the  plant. 

Alkaloid  no.  1  is  insoluble  in  water  arKl  boiling  acetone.  It  was  purified  by  crystallization  from  chloroform 
and  then  melted  at  238*;  it  l»  levorotaiory;  [(i]jj-61.5*  (CHCl^  c^3.087).  The  elementary  analysis  Indicates  the 
formula  Cx|l^iP|N.  A  comparison  of  the  empirical  forn^la  and  constants  of  this  base  with  those  of  the  alkaloid 
senecionine  [1]  indicated  the  possibility  that  they  were  identical.  For  comparison  we  prepared  the  picrate  and 
nitrate  of  the  base  and  carried  out  the  saponification  of  alkaloid  no.  1,  isolating  and  characterizirtg  the  acid  and  die 
base  obtained.  Table  1  sets  out  the  crnsunts.of  the  prepared  substances  and  those  of  senecionine,  its  salts  and  hydro* 
lysis  products  [1*4,8],  and  le^es  no  doubt  about  the  identity  between  alkaloid  no.  1  and  senecionine. 


TABLE  1 


Base,  m.p. 

r«]D 

Piaate,  m.p. 

Nitrate,  m.p. 

Base  obtained  after  saponification  of  the  alkaloid,m.p. 

[a  Id 

hydrochloride  of  this  base,  m.p. 

Acid  obtained  after  saponification  of  the  alkaloid, m.p. 
lactone  of  this  acid,  m.p. 

Alkaloid  no.  2  is  insoluble  in  water  and  dissolves  in  boiling  acetone.  It  was  separated  from  alkaloid  no.  1  by 
extraction  with  boiling  acetone  and  was  then  purified  through  the  bitartiate.  After  recrystallizaiion  from  acetone  the 
base  had  the  composition  C,.H.,NOc  and  melted  at  127-129*.  After  crysulllzatlonfron  akohol.  the  bitartrate  of  the 

base  had  mp.  198-199*  an&[a]D** 
37.6*(H|0.  £2.099)  the  picrate  melted* 
at  197-198“. .  The  composition  of  the 
second  alkaloid  and  the  constants  of 
the  base  and  its  salts  agree  with  the 
dau  for  the  alkaloid  platyphylline  (4, 
5.6]  discovered  by  A.  P.  Orekhov.  We 
confirmed  the  identity  between  them 


- - - 


Alkaloid  no.  2 

Platyphylline 

Mixed  sample 

Base,  m.p. 

127-128* 

129* 

127-128* 

Bltanrate,  m.p. 

198-199* 

196* 

198-199* 

[flb 

-37.6* 

-38.8* 

Picrate,  m.p. 

197-198* 

199  200* 

198-199* 

Alkaloid  no.  1 

Senecionine 

Mixed  sample 

238* 

232* 

-  61.5* 

-56.6r 

193.5* 

191* 

214* 

214* 

119-120* 

121-122* 

119-120* 

♦66.9* 

+53.29* 

163-164* 

163-164* 

148-148.5* 

151* 

148  - 148.3* 

155-156* 

155  -156* 

155-156* 
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substances  by  the  absence  of  depression  of  the  ireltlng  point  of  a  mixture  of  alkaloid  No.  2  and  platyphyUine  or 
of  the  melting  point  of  a  mixture  of  their  bitartrates.  Table  2  contains  the  constants  of  the  bases  and  salts  of 
alkaloid  No.  2  and  of  platyphyiline  and  the  melting  points  of  the  mixed  specimens. 

Alkaloid  no.  3  dissolves  readily  in  water,  which  property  permitted  its  separation  from  the  first  two  alkaloid^ 
The  ease  was  purified  by  crystallization  from  acetone,  and  it  then  melted  at  193--195  ,  The  bitartrate  melted  at  21 
after  crystallization  from  alcohol.  A  comparison  of  the  consunts  of  this  alkaloid  with  those  of  renardine.  first  dis¬ 
covered  by  A.  Danilova  and  R.  Konovalova  [ 

TABLES  _  Suggested  identity  between  these  two  com- 

■  l  alkalold  no.  3  renardine  imixed  specimen  pounds,  and  this  was  substantiated  by  the  ab- 

Base,  m.p.  193-195*  191  -193*  193-195*  sence  of  depression  in  the  mixed  melting 

Bitartrate,  m.p.  201*  198  -198.6*  199*  tesu  with  the  bases  and  their  bltartrates.  Com 

paratlve  dau  appear  in  Table  3. 


renardine  mixed  specimen 
191-193*  193-195* 

198-198.6*  199* 


EXPERIMENTAL* 


Isolation  of  the  alkaloids.  22  kg  air-dry  plant  was  wetted  with  10^  aqueous  ammonia  and  exhaustively  extrac 
ted  with  dichloroethane.  The  alkaloids  were  extracted  from  the  dichloroethane  extracts  with  10^  sulfuric  acid  solu¬ 
tion.  The  acid  extract  was  treated  with  aqueous  ammonia  which  brought  out  the  water-insoluble  bases  (43  g);  the 
alkaline  mother  liquor  was  extracted  with  chloroform.  The  total  amount  of  alkaloids  (19  g)  obtained  after  driving 
off  the  chloroform  was  again  dissolved  in  30  ml  10^  sulfuric  acid  and  the  solution  made  alkaline  with  ammonia. 

The  water^nsoluble  bases  were  separated  (15  g)  and  the  mother  liqua  was  extracted  with  chloroform.  Removal  of 
the  chloroform  left  3  g  of  partly  crystallizing  bases,  soluble  in  water. 

Alkaloid  no.  1.  58  g  of  the  total  bases  insoluble  in  water  was  extracted  with  300  ml  acetone  while  boiling 
under  a  reflux  condenser.  The  Insoloble  residue  was  separated  fmm  tlic  hot  acetone  extract  and  then  recrystallized 
from  chloroform  to  give  25  g  product  melting  at  238*. 

0.3087  g  substance  in  10  ml  CHClj,J[  =  1  dm,  a  —1.90*,  61.5*.  2.902  mg  substance:  6.776  mgC(^: 

1.874  mg  HjO.  3.190  mg  substance:  7.421  mg  CPi;  2.086  mg  l^C.  8.480  mg  substance:  0.348  ml  1^  (24.0*,  728.5 
mm).  8.040  mg  substance:  0.308  ml  (22.5*,  731.5  mm).  Found  <5fc:  C  63.61,  63.45;  H  7.22,  7;31;  N  4.52,  4.25. 
CijHtsPjN.  Calculated  C  64.4,  H  7.45;  N  4.19. 

The  picrate  was  prepared  from  mixed  alcoholic  solutions  of  the  base  and  picric  acid  melted  at  191*  (from 
alcohol).  The  nitrate  was  prepared  by  acidify  mg  the  alcoholic  solutron  of  the  base  with  alcoholic  nitric  acid.  The 
salt  melted  at  214*  after  crystallization  from  alcohol. 

Saponification  of  the  alkaloid.  1.3  g  alkaloid,  3  g  barium  hydrate  and  15  ml  water  were  refluxed  for  8 
hours,  after  which  carbon  dlox.de  was  passed  through  the  solution  the  barium  carbonate  was  filtered  off,  and  the 
mother  liquor  was  made  acid  w'th  hydrochloric  ac-d  a’>d  e.nhavs'ively  extracted  wi^h  ether.  The  ether  extract  was 
dried  with  sooium  sulfu’^e  ind  tne  ether  d.LStiilcd  off  to  leave  0.5  g  white  crystalline  acid  which  after  ctystallizaiiqn 
from  25  ml  dry  chloroform  gave  0.4  g  ac:d  melting  ar  148  -143.5‘'.  A  mixture  with  serjccionic  acid,  prepared  by  ui 
by  saponification  of  pl<fyphylline,  melted  at  the  same  tempe*at't’'e. 

The  lacto’^'O  was  prepared  b>  heati'>g  0.5  g  acid  fo’  3  hours  wirh  10*70  h»d'’Ochloric  acid.  The  solution  was 
extracted  with  ether.  After  drying  wth  sodi  ,-rn  sulfate  the  e’her  was  evaporated  to  a  small  volume  and  0.4  g  substance 
came  down,  m.p.  155-^156“,  A  mixture  with  the  lac’one  of  seneciO'’ic  acid  melted  at  155-156*.  Alter  extraction 
with  ether,  the  hydrochloric  acid  solui’on  was  evupoiated  to  dryness  in  a  beaker.  The  crystalline  residue  was  ex¬ 
tracted  with  absolute  alcohol  and  the  solution  evaporated  to  a  small  volume.  Addinon  of  ether  brought  down  0.4  g 
crystalline  hydrochloride  of  the  base  which  melted  at  163  164*. 

A  mixed  sample  with  the  hydrochloride  of  »etroneci''e  melted  a*  the  same  Temperature.  The  base  was  ob¬ 
tained  by  treatmg  t.he  aqueous  solution  of  the  hydrochloride  wjth  sodi  im  hydro.side  until  alkaline  to  phenolphihaleui, 
evaporating  the  solution  to  dryness,  and  evtractu  g  the  residue  with  absolute 'alcohol.  The  residual  crystalline  base, 
following  evaporation  of  the  alcohol,  melted  at  119  120“  after  lec’ystall’zat'on  f»om  acetone.  A  mixed  specimen 
with  reuonecine  melted  at  the  same  tempejature. 

0.0172  g  substance  in  1  ml  C,HpH,_l  =  0.5  dm,  a  ♦  0.49“,  [alQ  ♦  56.9*, 

•  In  collaboration  with  R  I.  Bogomazova. 
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Alkolo<<^  no.  2._  The  acetone  extract  after  removal  of  the  first  alkaloid  wax  evaporated  to  one  <iuarter  of 
io  original  volume.  On  cooling,  It  deposited  20  g  base  with  m.p.  122-124*.  The  bltartratc  of  thU  base  wax 
prepared  by  adding  a  saturated  alcoholic  solution  of  tarurlc  acid  to  the  alcoholic  solution  of  the  alkaloid  until 
the  reaction  was  acid  to  methyl  orange.  The  precipitated  salt  melted  at  198-190*  after  recrystalllzation  from 
alcohol. 

0.2099  g  subsunce  in  10  ml  water.^*  1  dm,  <  -^9*,  fa ]d -37.6*. 

The  mixture  with  the  biurtrate  of  platyphylllne  mdted  at  198-199*. 


The  base  was  obtained  by  dissolving  the  bltartrate  of  alkaloid  no.  2  in  water,  treating  the  solution  with 
aoueous  ammonia,  filtering  the  preclpiute  and  recry sulllzUig  from  acetone.  M.p.  127-128*.  Mixture  with 
platyphylllne  had  same  m.p. 

$ 

3.960  mg  substance;  9.250  mg  C^;  2.927  mg  H,0.  4.070  rag  substance;  9.494  mg  CO,;  3.040  mg  l^O. 

9.135  mg  substance:  0.346  ml  J^’(21.0,  732.5  mm).  9.155  mg  wtstance;  0.350  ml  N,  (23.5*,  731.0  ram). 

Found  C  63.71,  63.62;  H  8.27,  8.35;  N  4.24,  4.23.  CaH7NO^  Calculated  C  64.1;  H  8.01;  N  4.17. 

The  picrate  was  prepared  by  mixing  alcoholic  solutions  of  the  base  and  picric  acid.  After  crystallization 
from  alcohol,  the  salt  melted  at  197-198*.  The  mixture  with  platyphylllne  picrate  melted  at  198-199*  (m.p.  of 
platyphylllne  picrate  199*^00*), 


Alkaloid  no.  3.  3  g  of  the  total  water-soluble  bases  was  triturated  with*  a  small  amount  of  acetone;  the 
crysulllne  substance  was  filtered  off  and  recrystallized  from  acetone  and  theft  melted  at  193-195*.  A  mixture 
with  renardlne  melted  at  the  same  temperature.  The  bitartrate  was  prepared  by  acidifying  (methyl  orange)  an 
alcoholic  solution  of  the  alkaloid  with  an  alcoholic  solution  of  tartaric  acid.  M.p.  (from  alcohol)  201*.  hip. 
of  mixture  with  renarcine  bitartrate  199*  (renardlne  bltartrate,  prepared  from  Seneclo  Renardi,  had  m.D. 
198-198.5*). 

'SUMMART 

Three  alkaloids— senecionlne, platyphylllne,  and  renardlne  "vere  isolated  from  the  plant  Nardosmia 
laevigata. 
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THE  REACTION  OF  NICOTINE  WITH  METAL  SALTS 
L  REACTION  OF  NICOTINE  WITH  COBALT  THIOCYANATE 
•  S.  E.  Burkat 

Little  light  U  thrown  In  the  literature  on  the  reaction  of  nicotine  with  thlocyanatet.  A.  A.  Shmuk  [1] 
mentlom  the  precipitation  of  nicotine  with  solutlom  of  potasslum  plailnum  thiocyanate,  zinc  thiocyanate  and 
calcium  thiocyanate.  The  author  did  not  itate  the  competition  and  propertlei  of  the  reaction  products.  In 
the  present  author**  recent  publication  [2]  It  wai  shown  that  nicotine  and  itt  salts  give  In  presence  of 
ammonium  thiocyanate  readUy  crystallizing,  characterlsUc  preclplutes  with  salts  of  nickel,  cobalt,  manganese 
and  other  metals.  The  composition  and  character  of  the  obuLnod  compounds  were  not  established.  In  view  of 
the  general  chemical  Interest  of  these  compounds,  we  have  made  an  investigation  of  their  composition  and  of 
some  of  their  properties.  ,  . 

Litile  attention  has  been  given  to  the  composition  of  the  products  of  reaction  of  nicotine  with  salts  of 
various  metals.  Nicotine  Is  a  strong  organic  base  and  when  added  to  solutions  of  salts  of  heavy  metals  It 
precipitates  their  hydroxides  p].  Some  of  the  quallutlve  reaction*  for  nicotine  are  similar  to  those  for 
pyridine,  evidently  due  to  the  pretence  of  the  pyridine  ring  In  the  molecule  f4].  It  Is  loown  that  pyridine 
In  i>resence  of  ammonium  thiocyanate  ibrms  with  cadmium  anu  copper  salts  complexes  that  are  sparingly  • 
soluble  In  water  fS].  We  might  assume  nicotine  would  also  form  complex  compounds  in  the  same  conditions. 

This  property  was  indicated  by  A,  A.  Shmuk.  The  same  author  points  out,  however,  that  little  attention  has 
so  far  been  given  to  the  complex  compounds  of  nicotine  with  bumuth,  mercury  and  other  metals.  On  die 
other  hand,  a  number  of  authors  describe  the  ease  with  which  nicotine  forms  double  salts  with  various  metals 
f6,7X  In  a  number  of  cases  nicotine  yields  compounds  of  variable  composition  with  metal  salts. 

Our  Investigation  of  the  preparation,  composition  and  properties  of  compounds  of  nicotine  with  cobalt 
thiocyanate  showed  that  addition  of  a  solution  of  complex  cobalt  thiocyanate  to  an  aqueous  solution  of  nicotine 
or  of  its  salts  gives  an  amorphous  precipitate  with  a  light  to-dark-blue  color,  which  rapidly  changrs  into  a  pink, 
crystallinB  precipitate.  The  reaction  product  can  be  readily  recrystallized  from  water  at  the  boiL 

The  product  has  a  sharp  melting  point  (with  partial  decomposition),  is  sparingly  soluble  In  cold  water 
and  more  soluble  on  heating.  It  has  slight  solubility  ui  erhyl  alcohol  In  the  cold  and  rather  better  solubility 
in  hot  alcohol,  fcrinlrg  a  dark  blue  solution.  It  is  not  appreciably  soluble  In  ether,  chloroform,  dlchlcroe thane 
and  benzene.  With  the  help  of  common  reagerts  the  p!e.■^c^ce  of  Ions  of  cobalt  a^'d  thiocyanate  and  of  nicotine 
was  readily  established  In  the  saturated  aqueous  solutb'".  The  aq^cOoS  soletior.  of  the  substance  titrates  with 
caustic  alkali,  indicati’^g  that  nicotine  is  present  in  the  fo  m  of  a  salt.  Analyses  te^ealed  that  the  compositions 
of  the  compound  prepared  from  mcorj^te  base  ard  from  its  S4l*s  were  constant.  All  these  facts  point  to  tnc 
formatir,  if  a  double  salt  of  ncotjne  with  Co  thiocyanate  a  d  .lOt  of  a  comple*  compound. 

EXPERIMENTAL 

We  Isolated  the  nicotine  for  the  investigation  from  techmeal  .ixotine  sulfate  by  extraction  with  ethyl 
ether  In  presence  of  ca'istic  alkali  followed  by  steam'distilla»;on.  Nicotine  was  extracted  from  the  aqueous 
solution  with  erhyl  ether  and  the  solvent  was  removed  in  the  usual  way. 

Preparation  of  double  salt  of  nicotine  thiocyanate  and  cobalt  rHipcyanate.  2.25  g  crystalline  cobalt  nitrate 
Co(NO,),-  6H,0  is  d Issolved  in  5  ml  water.  In  a  separate  vessel  a  solution  is  prepared  of  5  g  ammonium- 
thiocyanate  In  5  ml  water  and  the  two  solutions  are  mixed.  Into  a  200  ml  flask  is  introduced  2.5  g  nicotine 
(base),  50  ml  water  is  added  and  the  liquid  is  neutralized  with  25^  hydiochloric  acid  (using  methyl  red  as 
indicator).  The  solution  of  the  cobalt  thiocyanate  complex  is  energetically  stirred  into  the  nicotine  solution 
and  the  mixture  is  stood  for  16  minutes.  At  ilrsi  «n  amorphous  light -to- dark  blue  precipitate  is  formed  which 
changes  Into  a  pink,  crystalline  one.  This  is  drained  and  dried  at  room  temperature,  Yield  of  technical 
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pndoct  4.30  g  Of  90.3»  of  ihe  theoretic*!  If  we  »»uine  t1i*i  the  comiiouiKl  b  iotmed  accoiding  to  the  follow 
equation: 

HCl  ♦Co(NOj)l*6H|0  -f  4NH^NS  =  (CnHj4l%)if2HCNS*Co(CN%  ♦  6i%0  4  2NH4NO^  ♦2NH^ 
Melting  point  of  the  technical  product  194-196*i 

The  technical  product  is  dissolved  In  60  ml  water  by  boiling,  and  the  solution  U  fUtered  without  delay 
under  reduced  pressure.  Rapid  separation  occurs  of  a  dark-to-light  blue  mass  which  quickly  changes  into  pink 
crystals.-  After  cooling  to  15",  the  crystals  are  drained  on  a  Buchner  funnel  and  again  recrystallized  from  40 ; 
water  at  the  boll.  The  crystals  are  dried  between  sheets  of  filter  paper  at  room  temperature.  Yield  of  pure 
product  2.20  g,  m.p.  199-200". 

S-Jbsequent  experiments  showed  that:  1)  The  synthesu  of  the  preparation  is  better  performed  with  a 
solution  of  a  nlcotlre  fait  since  addition  of  the  complex  cobalt  thiocyanate  to  the  nicotine-base  solution  results 
in  a  pink  crystalline  precipitate  which  contains  light-to  dark-blue  particles;  the  greater  the  dilution  of  the 
nicotine  solution  the  lower  the  yield  of  reaction  product;  3)  with  increasing  acidity  of  the  medium  of  the 
solutioris,  the  yield  of  reaction  product  falls. 

The  prepared  compound  Is  a  dark-pink  crystalline  substance.  Solubility  tn  water  at  15  is  0.35^ 

Aqueous  solutions  are  colored  pink.  The  compound  dissolves  in  normal  inorganic  acids,  with  difficulty  in 
acetic  acid.  It  dissolves  without  any  special  characteristics  in  concentrated  sulfuric,  nitric  and  hydrochloric 
acids.  Precipitates  characteristic  of  cobalt  are  formed  when  caustic  alkali,  ammonia  and  ammonium  sulfate 
are  added  to  the  aqueous  solution  of  the  prepared  compound.  The  reactions  with  potassium  ferro-and 
ferricyanides  are  not  quite  typical  of  those  for  cobalt.  Instead  of  the  typical  brownish-red  precipitate  given 
by  cobalt  with  potassium  ferrocyanide  solution,  there  is  formed  a  greenish  precipitate  which  fairly  quickly  ch^ 
to  dirty-blue.  With  potassium  ferricyanide  solution  the  aqueous  solution  of  the  compound  gives  a  green  prejipi 

With  common  alkaloid  reagents  the  aqueous  solution  of  the  prepared  compound  gives  the  i^ecipitatcs 
typical  of  alkaloids.  Addition  of  iron  chloride  to  the  aqueous  solution  of  the  compound  causes  a  blood-red 
coloration;  addition  of  silver  nitrate  brings  down  silver  thiocyanate. 

Cobalt  was  quantiutively  determined  in  the  preparation  by  the  gravimetric  method  in  the  form  of 
sulfate.  Nicotine  was  determined  by  steam  distillation  in  presence  of  alkali  and  common  salt,  followed  by 
titration  with  0.1  N  hydrochloric  acid  (methyl  red  as  indicator).  Quantitative  determination  of  the  thiocyanate 
ion  was  performed  with  a  saturated  aqueous  solution  of  the  compound  by  the  argentometric  method. 

0.5000  g,  0.4860  g,  0.5050  g  subsunce:  0.1320  g,  0.1214  0.1280  g  C0SO4.  Q.3124  g,  0.5000  g, 

0.2560  g  substance:  19.72  ml,  32.46  ml,  16.61  ml  0.1  N  AgNO,.  0.2388  g,  0.2522  g,  0.2500  g  subsunc 

7.40  ml,  7.90  ml,  7.65  ml  0.1  N  HCL  Found  %  Co  10.02,  9.48,  9.62;  CNS'  36.61,  37,65,  37.62; 

nicotmc  5C  33,  50.74,  49.57.  (CiiHi^Nj),- 2HCNS.  Co(CNS),.  Calculated  Co  9.54;  CNS"  37.64; 

nicotine  52.50. 

Determination  of  the  thiocyanic  acid  combined  with  the  nicotine  was  performed  by  titration  of  the 
aqueous  solut'on  of  the  compound  with  0,1  N  sodium  hydroxide  in  prcse’^ce  of  phenolphthalein.  Since  the 
aqueous  solution  of  the  substance  is  colored  pink,  the  volume  taken  for  the  titration  is  diluted  with  water  until 
the  color  disappears. 

0.3024  g,  0.2522  g  0.1604  g  suhsUnce:  9.60  mL7.90  ml,  o.lO  ml.  0.1  N  NaOH.  Found  HCNS  18. W, 

18.47,  18.75.(Cj|Hi^t^)|.2HCNS.Co(CNS)|.  Calculated ‘Jt:  HCNS  19.13. 

SUMMARY 

The  double  salt  of  nicotine  thiocyanate  with  cobalt  thiocyanate  was  prepared,  Tts  composition  and 
propenies  have  been  studied  and  it  has  been  shown  to  correspord  to  the  formula  (Ci*Hj^N|),*2HCNS*Co(CNS)|. 
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PXRYLENE 


Y*.  M.  Slobodln  and  N.  M.  Khokhlacheva 


In  1888  a  hydrocaibon  of  the  composition  C^H^j  wa*  first  synthesized  and  given  the  name  of 
•plrylene  .  Its  structure  has  rematned  unestabluhed  up  to  now,  Orlglnally'it  was  assigned  the  structure  of 
cyclopentad  lene  [1],  Later  it  was  entered  l/i  the  handbook  literature  as  a  hydrocarbon  of  the  aliphatic  series 
of  unestablished  structure  f2].  Later,  on  the  basis  of  a  study  of  the  molecular  refraction,  Braun  and  Teuffeit 


[3]  arrived  at  the  conclusion  that  plrylene  should  be  assigned  one  of  the  followira  two  structures; 

or  CHr^ 


'Cfv 


Oxidation  of  plrylene  by  these  authors  gave  oxalic  acid  and  acetic  acid.  In  presence  of  palladium 
the  hydrocarbon  combLted  with  4  atoms  of  hydiXigen.  These  data  are  tradeqjate  for  making  a  choice 
between  the  alternative  structures.  The  autbois  refrained  from  selection  of  one  of  them. 


The  starttr  g  material  for  the  preparation  of  plrylene  Is  piperidine.  Exhaustive  methylation  of  the 
latter  gives  des  N-xltmethylpIpendme  (I).  Reaction  of  thu  with  alcoholic  iodine  solution  with  iced-water 
cooling  converts  it  quantitatively  mto  the  dLiodo  compox.d  (Ji).  Short-i)eriod  heating  of  the  lattei  with 
caustic  alkali  causes  cleavage  of  one  molecule  of  hydrogen  lodid'*  and  intramolecular  rearrangement 
takes  place  to  form  a  pyrrolidine  derivative  (ill)  whose  struciuie  has  been  fairly  satisfactorily  established 
f4,S,6].  Treatment  cf  this  compound  with  silver  oxide  leads  to  a  free  quaternary  base  which  decomposes 
when  heated  and  forms  the  so-<alled  dlmethylpipendeire  whose  structiire  was  not  established.  Braun  and 
Teuffert  [3]  suggest  that  this  amine  contains  either  a  cumulated  or  an  Isolated  system  cf  double  bonds, 

(IV,  V).  DimethylplperldeLce  is  unstable.  It  readily  resLitfies  when  kept.  3s  methoiudlde  decomposes 
when  heated  with  caustic  alkali  artd  forms  the  hydrocarbon  plrylene.  It  is  interestuig  to  note  that  the  yield 
of  hydrocarbon  is  negligible  when  the  alkali  is  replaced  by  silver  oxide. 


In  the  present  investigation  pirylere  was  syrtne-ized  t  the  prec'se  cond't;on*  described  in  the  literature 
[1,3,6].  The  yields  of  the  nydrocarbon  intetmcd'ate  p'odjcts  agreed  wUh  tnose  the  literature.  The  prepared 
hydrocarbon  differed  somewnaf  ir.  physical  p/ope'ties  from  tne  nyd'oearbon  of  hraun  a’^d  Teuffert.  M.p.  57-68*. 


di*  0.7412;  rg  1.45797;  MRq  24.29,  |=  .  CalcJated.  MRq  22.82.  Exaltation  1.47. 

The  hyd'Oca'bor  does  not  react  witn  reagent*  for  mO''iOSwib«t’tuted  acetylenes.  Hydrogenation  over  olatinum 
black  causes  addition  of  6  hydrogen  atoms,  Co'seq.e’’*ly,  cortraty  to  tne  ‘ta!eme.'’»s  o*  icaun  and  Teuffert, 
plrylene  must  contain  either  three  double  bonds  (very  improbable)  or  a  double  and  a  triple  bond. 


Raman  spectra  were  plotted  to  assist  in  the  elccidatio't  of  the  structure. 

An :  238  (3)  259  (3  w),  319  (3),  261  (2;.  397  (2),  422  (2),  468  (5),  518  (5),  548  (2),  658  (2),  678  (1), 
703  (2),  732  (2)  791  (1).  869  (1),  913  (1),  1029  (1),  1082  (8),  1106  (1),  1163  (10),  1276  (2),  1295  (6  w), 
1380  (5),  1412  (8),  1559  (1),  1586  (1),  1609  (10),  I6l8  (5j,  1936  (4),  2098  (1),  2137  (1),  2189  (4), 

2237  (10),  2339(1),  28h0  (1),  2389(1),  2921  (8),  2984  (4),  3013  (3),  3099(2). 

We  see  from  the  above  data  the  the  plrylene  speettum  contains  a  series  of  frequencies  both  in  the 
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1600  cm**  region  Jirri  in  the  2200  cm'*  region.  Thli  confirms  that  pirylene  conuins  both  A  double  and  «  trip 
bend.  The  low  value  of  the  frequencies  of  the  double  bond  (1609  and  1618  cm"*)  shows  that  the  double  bond 
is  at  the  end  of  the  Hydroc^.rbon  chain  and  is  also  conjugated. 

The  frequency  of  the  triple  bond  (2237  cm"*)  shows  that  the  acetylene  is  dlsubstttuted. 

On  the  basU  of  the  foregoing  dau  we  can  assign  to  pirylene  the  structure  CHfCcO-CH— Cl%. 

This  structure  accords  well  with  the  above*mentioned  oxidation  products. 

In  this  connection  it  was  of  Interest  to  clarify  the  structure  of  dimcthylpiperidelne.  Spectroscopic 
examination  of  this  amine  was  made  verydifflcult  by  the  ease  of  resinification  of  the  free  amine  and  its 
high  sensitivity  to  Inadiation. 

The  freshly  distilled  amine  had  b.p.  73-75*  (100  mm). 

<1?  0.8024;  ng  1.4618;  MRq  38.01.  C,Hi,Nf  ^  Calculated:  MRq  37.53. 

Raman  spectrum  of  the  amine:  290  (2),  341  (1),  855  (1),  909  (1),  962  (1),  1020  (1)A049  (1),  1124  (3), 

1191  (1),  1225  (3).  1266  (1),  1309  (3).  1374  (5).  1411  (2).  1439  (2),  1458  (4),  1504  (2),  1531  (3), 

1596  (4),  1650  (20),  2232  (2),  2313  (1).  2491  (3),  2880  (2).  2921  (1),  2989(1). 

The  spectrum  contains  frequencies  of  1596  and  1650  cm“*.  The  latter  have  an  extraordinarily  high 
intensity.  This  permits  us  to  conclude  that  dlmethylpiperldeine  contains  a  conjugated  system  of  double  bonds. 
Also  the  presence  in  the  spectrum  of  the  frequency  2232  cm'"*  with  a  low  intensity  indicates  that  dimethyl* 
piperideine  is  not  a  pure  substance  but  is  contaminated  with  a  small  amount  of  an  mine  containing  a  0* 
acetylenic  bond.  The  amount  of  the  laner  may  be  estimated  at  10'15^ 

It  follows  from  the  specttoscopic  data  that  the  main  component  of  dimethylpiperideine  must  be 
assigned  the  structure: 

C1V-C=CH-CH=CI% 


:lO:n, 


Exhaustive  methylatlon  of  this  amine  should  lead  to  formation  of  a  hydrocarbon  with  a  conjugated 
acetylenic-ethylenic  bond. 

The  byproduct  present  in  dimethylplperideLoe  must  be  assigned  the  structure: 


CH,-C.=C"CH-CH,- 


Exhaustive  methylation  of  this  amine  leads  to  formation  of  the  same  hydrocarbon  with  a  conjugated 
acetylenic-ethylenic  bond. 

Consequently,  the  opening  of  the  pyrrolidine  ring  (HQ  In  the  present  case  is  accompanied  by  isomeriza¬ 
tion  which  leads  to  formation  of  a  hydrocarbon  with  a  conjugated  system  of  bonds. 

Isomerization  during  exhaustive  methylation  was  observed  for  the  fint  time  in  the  classical  synthesis 
of  piperylene.  In  this  case,  instead  of  a  hydrocarbon  with  isolated  bonds,  formation  takes  place  of  piperylene 
containing  a  conjugated  system  of  bonds  [7] 


CH37hh-CH,-Cl^-Ci^-CH=CHg 
CHi  OH 


CH,-CH=CH-CH=C1^ 


We  prepared  piperylene  by  exhaustive  methylation  of  des-  K-dimethyl piperidine.  In  the  spectrum  of  this 
hydrocarbon  the  frequencies  1596  and  1645  cm"*  correspond  to  a  conjugated  system  of  double  bonds.  It  was  of 
interest  to  compare  the  frequencies  of  the  conjugated  bond  system  of  this  piperylene  with  the  frequencies  of  the 
conjugated  system  of  the  same  hydrocarbon  prepared  by  other  methods.  In  the  preceding  communication  [8)  we 
showed  in  collaboration  with  L  N.  Shokhor  that  the  spectrum  of  piperylene  prepared  by  regeneration  from  it* 
crystalline  tetrabromide  with  m.p.  114.5“  contaiiu  four  double-bond  frequencies:  1596,  1603,  1646  and  1655  cm' 

Tlie  suggestion  was  made  that  these  frequencies,  taken  in  pairs,  correspond  to  the  cis-forro  (1596  and  1646  cm'*) 
and  the  trans-form  (1603  and  1655  cm"*). 
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The  lamc  four  frequencies  were  found  in  the  spectrum  of  piperylene  prepared  from  its  liquid  tetrabromide; 
however,  two  of  them  (1C03  and  IGSbcnf  *)weemuch  more  intense  than  the  others.  Bearing  in  mind  that  the 
oans-form  must  be  characterized  by  higner  frequency  values  than  the  cis^orrn.  it  had  to  be  assumed  that  the  ‘ 
trans-form  predominates  in  piperylene  prepared  from  the  liquid  tetrabromide.  The  data  obulned  in  the  present  ♦ 
investigation  show  that  exhaustive  methylation  of  des-NKlimethylpiperidlne  gives  exclusively  cis-piperylene 
(frequencies  of  1596  and  1645  cm  *).  The  spectrum  of  the  pure  trans*piperylene  might  be  expected  to  contain 
only  the  frequencies  1603  and  1655  cm  *,  This  was  confirmed  by  examimtion  of  piperylene  prepared  by 
cleavage  of  hydrogen  chloride  from  a-chloroethylcyclopropace  [SJ, 

The  table  contains  the  data  for  the  Raman  spectra  cf  the  above  four  specimens  of  piperylene. 


Raman  Spectra  of  Piperylene 

Pre  pared 

by  exhaustive  methylation  of  i 

>  from  the  crystalline 

i  from  the  liquid 

by  cleavage  of  HCl  fro.-n 

dei-N-dimethvlpiperidine  ' 

'  tetrabromide 

1  -tetrabromide 

a  -chloroethylcyclo  pro  pane 

386  (5) 

386  (5) 

386  (8J 

386  (3) 

473  (2) 

478  (5) 

478  (5) 

478  (4) 

618  (1) 

[  814  (1) 

816  (1) 

816  (5) 

899  (2w) 

;  897  (4  w) 

897  (3  ^ 

898  (4  w) 

952  (2) 

1  955  (1) 

955  (1) 

1034  a) 

1032  (1) 

1034(1) 

1106  (0.5) 

1167  (3) 

1174  (3) 

1172  (3) 

1174  (3) 

1183  (7) 

1184  (6) 

1183  ao) 

1191  (1) 

1248  (10) 

1250(8) 

1248  (6) 

1248  (2  w) 

1295  (8) 

1292  aO) 

1290  (10) 

1292  (8) 

1324  a) 

• 

1388  (2) 

1376  (6)  • 

1376  (5) 

1379  (2) 

1413  (5) 

1413  (4) 

1413  (2) 

1435  (4) 

1432  (3) 

1434  (2) 

1430  (5) 

1468  (4) 

1451  (6) 

1451  (6) 

1451  (5) 

1596  (3) 

1596  (4) 

1596  (0) 

1603  (4) 

1602  (6) 

1603  a)  .  • 

1645  (10) 

16-46  (10) 

1646  (2) 

1655  (10) 

1655  (10) 

1655  (10) 

SUMMARY 

1.  Pliylene  is  l-Penten-3-ync. 

2.  The  main  component  is  dlmethylplperidelne  is  4'<llm€thylamino-l,3-pentadiene.  It  contalxu  an 
Impurity  in  tlie  shape  of  l-dlmethylamlno-3-pentyne. 

3.  The  hydrocarbon  formed  by  the  exhaustive  methylation  of  des-bWiniethyl-piperidine  is  cls-plperylene. 
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/THE  STATE  OF  THE  THEORY  OF  CHEMICAL  STRUCTURE  IN  ORGANIC  CHEMISTRY 

B.  A.  Kazansky  and  G.  V.  Bykov 

Tluf  cTcativc  development  of  A.  M.  ^tlerov*t  theory  of  chemical  structure  is  the  matn  task  now 
confronting;  Eussian  chemists  in  the  field  of  theory.  Dialectical  materialism  -the  methodological  basis 
of  Soviet  scatnce  -requires  the  study  of  phenomena  and  their  cause,  movement  and  chai«e.  Consequently 
without  an  Itistorlcal  approach  to  the  subject  matter  of  the  basic  concepu  and  laws  of  the  theory  of  chemical 
structure,  in  os  impossible  to  detect  the  profound  conceptual  changes  in  them  or  the  tendencies  that  are 
inherent  in  c^ir  development  at  the  present  day. 

At  tJbe  Conference  on  the  Theory  of  Chemical  Structure  organized  by  the  Division  of  Chemical  Sciences 
of  the  Acadtsmy  of  Sciences  in  June  ,1951,  the  Idealistic  theory  of  resonance  or  mesomerism  was  rightly 
subjected  to  auanihilating  criticism.  There  was  thus  removed  a  fundamental  obstacle  to  the  fruitful  development 
of  the  theory  of  organic  che  mistry,  a  development  that  would  be  impossible  without  creatlye  discussions, 
without  the  <^ash  of  ideas,  without  criticism  and  self*criticism.  In  order,  however,  that  the  creative  discussions 
of  our  chemiaa  should  be  fruitful,  we  must  make  a  critical  evaluation  of  the  relevant  problems  without  any 
polemic'  aqjMstics  that  would  hinder  the  objective  clarification  of  controversial  topicSL 

We  believe  that  in  the  first  place  we  must  exchange  ideas  on  the  following  fundamental  problems: 

1)  Modern  iif^s  on  chemical  structure;and  2)  the  modern  approach  to  the  relation  between  properties  and 
structure  of  organic  compounds.  As  was  revealed  at  the  Conference  on  the  Tneory  of  Chemical  Structure, 
there  are  mamy  different,  frequently  incompatible,  points  of  view  in  connection  with  each  of  these  questions, 
and  it  is  here  that  agreement  between  Soviet  chemists  is  panicularly  necessary. 

Scietutific  concepts  change,  being  eruiched  by  new  content  as  science  reflects  maze  and  more  fully 
and  acetrareUj’ the  field  of  objective  reality  that' it  explores.  This  implies  that  we  must  base  the 
modern  coni:;ets  of  chemical  structure  on  the  history  of  our  knowledge  of  the  structure  of  molecules. 

Aconrding  to  the  theory  of  radicals— the  first  theory  of  organic  chemistry  —organic  compounds  consist 
of  relatively  autonomous  parts  (complex  radicals).  The  various  modifications  c‘  the  theory  of  radicals, 
dualistic  in  principle,  were  ir-ore  or  less  closely  associated  with  the  electrochemical  hypothesis.  All  of 
them  came  inco  direct  conflict  with  experiment  and  were  abandoned  in  the  fifties  of  last  century.  Dumas 
replaced  theca  by  his  theory  of  types,  according  to  which  the  substances  possessing  the  same  number  and 
distribution  eff  atoms  belonged  to  one  and  the  same  mechanical  type  (mechanical  system).  At  that  time, 
of  course,  cibemists  could  not  visualize  a  spatial  distribution  of  atoms,  altliough  many  unfounded  hypotheses 
were  put  forMvard,  based  mostly  on  crystallographic  analogies  and  the  study  of  specific  volumes.  A  reaction 
to  the  carrena  ideas  was  Gerhardt's  declaration  that  chemical  methods  of  investigation  are  inadequate  for 
evaluation  ai  the  "molecular  constitution  of  substances,  i  e.  the  actual  arrangement  of  thew  atoms'*.  Gerhardt's 
types,  unlike  those  of  Dumas,  were  solely  intended  to  express  the  reactivity  of  organic  compounds.  Berthollet 
proposed  to  oharacterize  organic  compeunds  by  equations  of  formation  (genetic  equations),  free  from  any 
hypotheses  o-tid  simply  expressing  the  facts.  This  was  the  standpoint  of  extreme  empiricism  and  it  erred  in 
that  chemicid  concepts  and  theory  are  able  to  reflect  true  actuality.  This  approach  was  only  an  attempt  at 
systematuacuon;  the  theory  was  judged  solely  from  the  standpoint  of  its  expediency.  Philosophical  agnosticism 
was  the  methodological  basis  of  this  trend  in  chemistry. 

The  concepts  of  types  had  a  positive  value  insofar  as  they  led  to  two  important  generalizatlonr  to  the 
concept  of  ac.omlcity  (valence)  of  elements  or  of  a  specific  number  of  units  of  affinity;  and,  secont,  lo  the 
concept  of  the  linking  of  atoms  with  one  another  through  the  "expend irure"  (Butlerov’s  term)  of  an  e>en  number 
of  units  of  affamiy.  At  that  time,  of  course,  there  could  be  nc  discussion  of  the  nature  of  units  of  affinity  or  of 
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the  inieiatomic  bond.  There  was  still  no  clear  demarcation  between  the  spatial  arrangement  and  the  mutual 
atomic  linkage,  and  the  term  "constitution*  began  to  lose  iu  original  specificity.  The  absence  of  a 
generalization  that  could  integrate  the  advances  of  theoretical  chemistry  hindered  its  further  development. 

It  was  A.  M.  Butlerov  who  supplied  this  generalization  in  the  form  of  the  concept  of  chemical  structure: 

•Suning  from  the  idea  that  each  chemical  atom  entering  into  the  composition  of  a  substance  tekes  part 
in  the  formation  of  that  substance  and  acts  here  with  a  definite  ainount  of  its  Inherent  chemical  force  (affinity), 

I  call  chemical  structure  the  distribution  of  the  action  of  this  force,  due  to  which  the  chemical  atoms,  directly 
or  indirectly  influencing*  one  another,  become  combined  into  a  chemical  particle*  (1),  Subsequently, 

Butlerov  more  laconically  defined  chemical  structure  as  "the  order  of  chemical  bonding  existing  between  atoms 
in  a  molecule*  [21  Hence  the  concept  of  chemical  structure  «  well  as  of  the  order  of  mutual  bonding  of 
atoms  in  a  molecule  was  the  natural  result  of  the  whole  previous  development  of  science.  In  the  words  of 
Butlerov,  "hutorical  necessity  led  to  the  theory  of  cheinical  structure"  [3). 

In  formulating  the  concept  of  chemical  structure  A.  M.  Butlerov  turned  away  from  the  idea  of  the 
mechanical  structure  of  molecules.  The  necessity  for  this  new  path  was  acutely  recognized  by  him.  On 
the  one  hand,  as  he  wrote,  •chemistry,  being  concerned  with  matter  in  a  state  of  transformation,  cannot 
without  the  help  of  physical  investigations  evaluate  the  mechanical  structure  of  substances*  [4],  and  the 
possibilities  of  physical  methods  of  investigation  at  that  period  in  history  were  still  inadequate  for  the  evaluation 
of  the  spatial  distribution  of  atoms,  although  Butlerov  often  emphasized  that  the  spatial  distribution  of  atoms 
would  in  the  future  also  be  ameruble  to  determination:  on  the  other  hand,  chemists  still  did  not  know  "of  that 
bond  which  exists  inside  the  molecule  between  the  mutual  chemical  action  of  the  atorris  which  constitute  it  and 
their  mechanical  distribution*  [4],  while  the  "chemical  properties  of  the  molecule  are  regarded  predominantly 
as  the  chemical  behavior  of  the  constituent  atoms*  [4)  i.e.,  its  chemical  structure.  The  latter  view  received 
spectacular  confumation  in  the  clarification  of  numerous  cases  of  isomerism:  "The  principle  of  chemical 
structure*,  said  Butlerov,  "leads  to  the  a  prion  assumptuin  of  the  existence  of  known  Isomers*  [5).  In  the 
course  of  time,  however,  chemists  became  convinced  that  the  number  of  actually  existing  isomers,  corresponding 
to  a  given  empirical  formula,  exceeds  the  number  of  isomers  possible  on  the  basis  of  the  theory  of  chemical 
structure.  The  facts  compelled  them,  in  the  words  of  Wislicenus  [6],  "to  explain  the  diversity  of  isomeric  moleoic 
with  an  identical  suuctural  formula  by  a  different  arrangement  of  their  atoms  in  space  and  to  search  for  definite 
theories  about  this  arrangement®,  V.  V.  Markovnikov  voiced  the  same  ideas  [71:  *Concernlng  the  grouping  of 
atoms.  It  (the  theory  of  structure)  can  in  no  way  wish  to  touch  on  the  problem  of  the  relative  spatial  arrangencent 
of  atoms.... That  is  why  the  foimcr  expression  "constitution"  had  to  be  replaced  by  the  term  "chemical  structure 
It  IS  difficult  however,  to  conceive  that  there  do  ihji  exist  duect  and  specific  relationships  between  the  chemical 
interaction  and  physical  position  of  the  atoms  in  the  molecule.  Finaliy.  there  exist  certain  cucumstances, 
certain  facts,  which  point  very  strongly  to  the  existerce  of  scch  relationships.  What  precisely  these  are  we  cannot 
jet  say,  but  this  is  one  of  the  most  pressing  problems  which  must  be  solved  by  some  means  or  other*.  Two  years 
after  these  remarks,  the  first  publications  of  vac't  Ho*f  a^d  le  f«el  on  stereochemistry  appeared  “the  doctrine  of 
the  relative  position  of  atoms  in  space.  The  perfecting  of  physical  methods  of  investigation  has  permitted  in 
our  time  rhe  determination  of  the  eo'jilibriwm  interaTcm’.c  distances  ard  valence  angles  in  absolute  units. 

Chemists  are  now  in  a  position  to  study  the  geometry  (o'  as  A,  M.  rsutlc'ov  said,  the  mechanical  structure),  of 
molecules,  and  have  thus  scored  a  fresh  success  for  the  theo'’y  cf  chemical  structu'e. 

B  it  the  solution  of  the  pioblcm  of  molecular  geometry  nas  left  many  problems  still  unsolved.  Foremost 
aiiKing  thsse  are  the  reactivity  of  organic  compounds  the  generalization  of  the  accuin^jlated  experimental 
material,  and  the  discovery  of  the  mechanism  of  rccipfocal  influence  of  atoms  in  a  molecule.  Still  unclarified 
is  the  nature  of  valence  a*d  the  chemical  bond,  on  tne  understanduig  of  which  rests  the  classical  theory  of 
chemical  structure.  The  discovery  of  the  elecrrori  and  of  the  thcoiy  of  atomic  structure  have  in  large  measure 
led  to  a  solution  of  these  problems.  The  role  of  valence  electrons  in  interatomic  bonds  has  been  cleared  up: 

^  quantum  mechanics  has  accounted  for  the  direction  of  bonds  in  space  and  for  their  saturation  and  has  introduced 
^  the  ideas  of  the  electron  cloud  with  an  irregular  eleciiomc  "density"  of  the  difference  between  o-  and  it -electrons. 
I  of  the  differing  arrangement  (and  properties)  of  the  o-  and  ir  electronic  density  and  of  the  electronic  density  of  the 
I  inner  shells  of  the  atom.  All  this  signifies  another  step  forward  in  the  understanding  of  the  structure  of  molecules 


j  •  We  may  rote  tliat  Hurle'ov  ofte'-  used  the  word  "influence"  in  the  sense  of  "bond"  or  "onion*’  of  atoms  and  his 
-•  term  was  iraii>lated.  as  in  tne  piesem  case  into  German  by  the  words  "Zusammenhang"  or“Bindung",  but 
^  strictly  the  Russian  word  for  'iniloence"  is  rendered  in  German  by  "Einfluss". 
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I  . 

At  the  present  time,  consequently,  the  concept  of  chemical  structure  of  molecules  embraces  the  ideas 
of  the  order  of  combination  of  atoms  among  themselves,  of  the  nation  of  atoms  (nuclei)  In  space,  le.  of  the 
geometry  of  molecules,  and  of  the  distribution  of  electron  density  In  molecules*. 

We  are  of  the  opinion  that  such  a  concept  .  of  the  chemical  structure  is  most  in  harmony  with  the 
history  and  contemporary  ideas  of  the  structure  of  molecules.  It  is  natural  that  further  progress  in  the  field 
of  the  structure  of  matter  will  enrich  the  content  of  the  theory  and  render  it  more  precise. 

II 

The  mechanical  types  of  Dumas  showed  with  particular  clarity  the  attempts  of  chemists  to  express  the 
functional  dependence  of  the  properties  of  chemical  compounds  on  the  spatial  distribution  of  the  atoms. 

Kekule  wrote  in  1859  that  the  relative  position  (relative  Stellung)  of  individual  atoms  has  a  definite  influence 
on  the  nature  of  compounds  and  that  although  It  is  impossible  to  present  a  proved  theory  of  the  nature  of  the 
relative  position,  the  existence  of  such  an  infiuence  was  clearly  reflected  in  "the  difference  of  properties  of 
compounds  possessing  tlie  same  composition",  i.e., isomers.  This  very  faulty  concept  of  the  exclusive 
dependence  of  the  chemical  properties  of  compounds  on  the  relative  position  of  theu  atoms  divided  the  great 
majority  of  the  chcmlsu  of  his  day. 

It  is  therefore  impossible  to  deny  the  enormous  revolutionary  significance  of  the  above-enunciated 
theory  of  A.  M.  Butlerov  to  the  effect  that  "the  chemical  properties  cf  a  molecule  are  predominantly  governed 
by  the  chemical  interplay  ••of  the  component  elements*  [4],  This  idea  is  expressed  still  more  clearly  by 
Butlerov  in  the  words:  “The  well-known,  rule  that  the  nature  of  a  molecule  Is  governed  by  the  nature,  number 
and  arrangement  of  the  element  aiy  comtxinent  parts  shpuld_  now,^  in  my  opinion,  be  changed  to  t^  follow!^ 
form:  The  chemical  nature  of  a  molecule  is  governed  by  the  nature  of  the  elementary  component  parts, 
their  number  and  their  chemical  structure*  [9].  Butlerov  thus  formulated  to  his  contemporaries  the  following 
policy  ("...we  shall  concern  ourselves  only  with  those  problems  which  can  be  solved  by  chemical  experiment 
[9]):  The  investigation  of  the  chemical  structure  of  substances  with  the  help  of  chemical  reactions."  Work 
along  these  lines  also  released  organic  chemistry  from  the  "awkward"  position  which  it  occupied  at  the 
beginning  of  the  sixties  of  last  century.  A  direct  consequence  of  this  "law”  is  the  clarification  of  isomerism: 

Lnsofar  as  the  chemical  properties  ("chemical  narure")  of  substar.ces  depend  ori  composition  and  chemical  structure, 
for  a  given  composition  any  difference  in  properties  will  he  the  result  of  differences  -n  chemical  structure.  This 
'aw  was  the  source  of  the  first  Ideas  and  of  the  entire  theory  of  the  mutual  influence  of  atoms  in  molecules: 
two  isomers  possess  different  properties  and  constitute  two  different  substances  'because  the  chemical  relation 
of  the  atoms  to  one  another  is  not  the  same  in  both  molecules"  or  In  other  words  "because  the  individual  atoms 
of  one  and  the  same  element  in  both  molecules  are  r>ot  equivalent  Two,  in  themselves,  identical  and 
equivalent  atoms  consequently  become  nonequivalent  doe  to  the  difference... in  the  Influence  of  the  other  atoms 
present  in  the  same  molecule”  [10].  Finally  it  was  this  very  law  that  invested  chemical  structural  formulas  with 
profound  significance:  "...when  the  general  laws  of  the  dependence  of  chemical  properties  on  their  chemical 
structure  become  know.n,  then  such  a  formula  will  be  the  e'p’ession  of  all  these  properties"  [11].  There  cannot 
be  any  doubt  that  this  Butlerov  law  is  a  focal  point  in  the  theory  of  chemical  structure  as  it  was  propounded  in 
Butlerov's  statement  of  1861.  It  binds  logeihc’’  all  the  remamirg  ideas  and  concepts  of  Butlerov's  theory  and 
without  it  the  concept  of  chemical  structuie  itself  would  ha^fC  remained  suspended  in  mid  ait.  In  putting 
forward  his  “law"  he  wrote:  '*!  am  far  from  claiming  that  this  law  is  completely  true  and  that  it  adequately 
exptesses  all  the  conditions  on  which  the  properties  of  compounds  depend...  the  later  development  of  the  opinion 
here  put  forward  will  sIkiw'  to  what  exent  chemical  properties  depend  on  chemical  structure  and  to  what  extent 
the  propounded  law  Is  inadequate..."  [9]  Actually  in  the  later  study  of  organ  ic  compounds  it  became  clear 
that  the  above  law  is  not  always  valid,  and  this  fact  led  as  mertioncd  above,  to  the  development  of  stereo* 
chemistry,  the  study  of  the  dependence  of  properties  on  the  mutual  arrarigement  of  atoms  in  space.  But  the 
latter  doctrine  was  able  to  develop  by  the  study  not  only  of  chemical  properties  such  as  the  order  of  chemical 

•  Historically  the  term  "chemical  structure’  was  ,nders*ood  to  be  icstMcted  ro  the  orde»  of  combination  of  atoms 
with  one  another  (sequence  or  arrangement  of  the  bonds)  k-  the  molecule  which  B*jtlefOv  always  clearly 
differentiated  from  Uie  spaual  arrangement  of  atoms.  This  is  chemical  structure  in  its  original  significance. 

Nor  did  Butlerov  include  the  composition  (  nature  and  numbei  of  elementary  components’)  of  the  molecule  in 
the  concept  of  chemical  sOucture  it  is  obvious  that  eve^  today  theie  is  no  reed  to  widen  the  concept  in  such 

*  way,  since  wher  speaking  of  chemical  bonds  chemists  always  u.'dersiand  the  linkages  between  specific  atoms. 

••In  the  German  text  the  term  ''c_hemischer. Zusaminerihang’’  is  used. 
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bonds  In  molecules,  but  also  of  physical  properties  (e,g.rotaiioB  of  the  plane  of  polarlzatloi|.  It  is  due 
solely  to  physical  mvestigations  that  it  became  possible  to  characterize  quantiutlvely  the  direction  of 
bonds  in  space.  With  regard  to  the  study  of  electronic  structure,  chemical  methods  differ  from  physical 
methods  (study  of  dipole  moments,  molecular  spectra,  energies  of  formation  and  transformation,  etc.)  in 
being  able  to  supply  only  indirect  infonnation.  The  importance  of  physical  methods  of  mvestigation  of 
molecular  structure  continuously  grows.  Not  a  single  contemporary  hypothesis  relating  to  the  electronic 
structure  of  molecules  could  be  considered  well-founded  if  it  ignored  or  contradicted  the  data  of  physical 
methods  of  investigatioa. 


Consequently,  Butlerov's  law,  while  almost  entirely  retaining  its  original  formulation  (the  nature 
of  molecules  is  governed  by  their  composition  and  chemical  stntcmre)  acquires  ever  wider  significance 
since  the  nature  of  molecules  embraces  both  their  chemical  arid  physical  properties,  while  chemical  structure 
Imolves  the  order  of  addition  of  atoms,  the  geometry  of  molecaks  and  the  distribution  of  the  electronic 
deiuity.  Many-Sided  study  of  the  relation  between  properties  and  structure  with  the  objective  of  discovering 
the  relevant  laws  must,  it  appears  to  us,  be  the  main  route  to  further  creative  development  of  the  theory  of 
chemical  structure  in  organic  chemistry.  This  route,  just  as  in  the  time  of  A.  M.  Butlerov,  is  bound  to  lead 
to  new  advances  in  our  understanding  of  the  structure  of  organic  compounds, and  will  permit  practical  solution 
of  the  important  problems  of  better  utilization  of  already  known  compounds  and  the  preparation  of  new  compoundsj 
with  made-to-measure  properties. 
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In  the  volume  entitled  "A.  M.  Butlerov.  Collected  Studies  in  Organic  Chemistry**  appeared  our  paper 
on  "A.  M.  Butlerov  and  the  theory  of  chemical  structure*.  The  main  j^rpose  we  had  in  mind  wuen  writing  that 
'paper  on  the  work  of  Butlerov  was  to  answer  the  question:  *How  did  the  theory  of  chemical  structure  arise 
and  develop  and  what  part  was  played  by  A.  M.  Butlerov?*  (121  2®  this  connection  we  gave  a  detailed 
comparison  of  the  publications  of  A.  M.  Butlerov  with  those  of  his  predecessors  and  contemporaries,  and  it 
was  clear  from  this  comparison  that  the  priority  in  the  creation  of  the  theory  of  chemical  structure  belong* 
to  our  great  chemist.  We  strove  to  help  the  reader  to  become  familiar  with  the  content  of  Butlerov's 
theoretical  studies  as  expounded  in  the  volume.  Finallytwe  wished  to  fill  a  gap  left  by  historians  of  chemistry 
by  giving  an  account  of  his  battle  as  a  natural  materialist  and  dialecticist  against  agnostic  and  mechanistic 
attacks  on  the  theory  of  chemical  structure.  We  believe  that  we  were  able  to  publish  in  the  paper  new  facts  . 
and  to  examine  the  situation  from  a  new  angle  in  the  light  of  these  new  facts.  We  paid  least  attention  to  the 
modem  significance  and  content  of  the  theory  of  chemical  structure.  We  decided  that  it  would  be  out  of 
place  to  expound  our  standpoint  regarding  contemporary  problems  of  the  theory  of  chemical  strucoire  in  our 
accompanying  the  researches  of  Butlerov,  a  series  devoted  mainly  to  the  origin  and  to  the  first 
Butlerov  period  of  development  of  the  theory  of  structure.  In  our  paper,  therefore,  we  did  not  give  41  detailed 
analysis  of  the  present-day  content  of  the  concept  of  chemical  structure,  although  we  did  point  out  some  new 
about  the  modem  concept  for  comparison  with  Butlerov's  classical  definition.  Our  comments  on  this 
Score,  as  well  as  our  whole  paper,  were  severely  criticized  by  G.  V,  Chelintsev  (13J.  We  leave  the  readers 
to  judge  whether  this  criticism  was  justified. 


At  the  start  of  his  paper  G.  V.  Chelintsev  quotes  our  words.  •Naturally  the  theory  of  chemical  structure 
did  not  fully  retain  its  original  classical  form  arxl  was  subject  to  further  development.  Although  A.  M.  Butlerov 
consauered  it  necessary  to  limit  the  concept. .  .  of  the  chemical  structure  and  spatial  distribution  of  atoms 
while  imparting  a  provisional  characier  to  this  limitation  four  italics.  G.  V.  Chelintsev  replaced  these  words 
by  a  row  of  dots  -Aui'nors*  note),  it  has  long  lost  its  significance  for  the  modern  theory  of  structure.  When  a 
modem  chemist  sj^aks  of  the  structure  of  a  molecule  of  an  organic  compound,  he  uses  the  word  in  the  literal 
sense,  i.e.  he  has  in  mind  the  spatial. ..distribution  of  the  atoms  which  compose  it,. .the  specific  polarity  of  its 
corapcneni  parts,  etc.*  (14J.  Of  course  it  is  permissible  to  add  that  The  modern  chemlsi  is  not  limited  by  this, 
as  u  evident  from  the  two  paragraphs  following  the  quotation  by  G.  V.  Chelintsev,  but  it  is  impossible  'o  deny 


•  As  the  editors  of  the  volume,  we  take  this  opportunity  of  drawing  readers'  attention  to  errors  that  came  to 
light  after  publication*  On  p.  104,  line  2  from  bottom  for  ’ethylene  oxide*  read  "ethylidene  oxide*,  p.  112. 
line  10  from  bottom,  for  "proposed*  read  "proposal*;  p.  226,  line  14  from  lop.  for  "always*  read  "of  all"; 
p.  5B3.  lines  4-3  from  botto.m  for  "alkali  metals  and  especially  silver*  read  *the  majority  of  mdals”;  same 
page,  luie  3  from  bottom,  the  word  "majority"  is  to  be  lowered;  p.  675.  line  3  fromtop,  for  "155"  read  "248" 
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that  itercochemlstry  was  a  necessary  deepening  of  the  classical  theory  of  chemical  structure;  U  is  Impossible  to 
say  that  the  modem  chemist  does  not  have  In  mind  the  spatial  arrangement  of  atoms  when  speaking  about  the 
structure  of  a  molecule,  etc.  Without  c^ldering  our  remarks  on  the  matter,  G.  V.  Chelintsev  there  and  then 
rushes  to  the  attack'  '^er.cc  (?)  the  concept  of  chemical  structure  ot  A.M.Putlerov,  which  according  to  B.A. 
Kazansky  and  G.  V,  Bykov  fundamentally  distinguishes  the  teaching  of  Butlerov  from  the  views  of  Kekule  and 
Kolbe  (p.  563)  1$  declared  ““from  the  standpoint  of  modern  chemists  -“to  be  erroneous'’.  We  wish  to  point  out 
that  on  p.  5C3(*A.M.  Butlerov.  Selected  Works  *')  in  general  nothing  is  said  about  the  fundamental  distinction 
between  the  dcctri:ie  of  Butlerov  and  the  views  of  K.ekul€  arHl  Kolbe  er  rhat  the  fundamental  difference  between 
them  consists  mainly  rot  in  the  problem  of  the  app.'oact.cthe  spariai  position  of  the  atoms,  although  Butlerov 
was  more  optimistic  about  the  feas'bil’ty  of  his  concept  tha*i  were  the  German  chemists.  On  the  point  that  the 
teaching  of  Butlerov  was  both  materialistic  and  dialectic,  we  wo  jld  say  that  the  views  of  Kekule  and  Kolbe 
weie  charactetized  by  the  ag''osticl$m  which  is  ettoreous  rn  the  light  of  dialecticism;  Kekule  was  also  tainted 
by  eclecticism.  Having  assailed  us  with  the  help  of  only  one  'herice*  o''  the  score  that  we  considei  Butlerov's 
theory  of  chemical  structure  to  be  erroneous,  G.  V.  Cheli*tsev  goes  on  rc  otrrbute  dir«*c>*.y  to  us  the  following 
statement:  "At  the  end  of  the  second  of  the  above  citatio's  from  the  paper  by  Kazansky  and  Bykov  It  is  stated 
that  although  Butlerov's  concept  of  chemical  structure  was  erro'^eous,  it..."  fl5]  etc.  In  the  paper  in  question*, 
however,  there  is  not  the  least  hint  to  the  effect  that  "Butlerov's  cor'cepr  of  chemical  structure  was  erroneous*. 

Or:  "B.A.  Kazansky  and  G.  V.  Bykov  refer  to  the  fact  that  the  erroneous  ('.)  concept  of  chemical  structure  of 
A.  M.  Ritlerov,.."  fl5];  etc.  He  then  goes  on  in.  the  following  style:  ''In  their  paper  Kazansky  and  Bykov  regard 
the  theoretical  concept  of  A,  M,  Butlerov  as  some  co'lection  of  opinions  devoid  of  a  clear  logical  connection* 
fl5].  We  consider  it  necessary  to  explain  that  this  s»atemcr:»  completely  contradicts  the  whole  content  and 
tenor  of  our  paper  and  we  must  protest  against  the  shamelessness  with  which  Chelintsev  converts  white  Into  black. 

Chelintsev,  as  well  as  other  like-minded  Soviet  chemists,  frequently  attributes  to  uS  erroneous,  and 
sometimes  even  simply  nonsensical,  state  me  rts  in  order  to  aeate  a  target  for  his  attacks.  Here  is  one  e''aniple. 

G.  V.  Chelintsev  writes:  "A  red  thread  through  the  whole  careei  of  A.  M.  Butlerov.. .is  the  idea  of  the  decisive 
significance  of  a  supermechanical  law  In  chemical  phenomena.  To  say,  a>  do  Kazansky  and  Bykov,  that  this 
Idea  possesses  a  secondary  significance  In  Butlerov's  theory  of  chemical  structure  is  a  gross  perversion  of  the 
teaching  of  A.  M.  Butlerov"  (15).  Hsewhere  (16)  G.  V.  Chelintsev  states  that  we  regard  this  "idea"  as  simply 
fallacious.  We  art  bound  to  point  out  that  nowhere  in  our  paper  is  there  mention  of  the  significance  of  the 
Idea  of  a  "supermechanical"  law  in  Burlerov’s  theory,  or  the  contrary,  we  differ  fro.m  the  author  of  "the  new 
structural  theory"  in  not  considering  ourselves  entitled  to  ascribe  to  A.  M.  B'jilerov  any  "ideas"  that  he  did  not 
enunciate. 

G.  V.  Chelintsev  also  attributes  to  us  such  statements  as:  "now  Butlerov's  concept  of  chemical  structure 
is  equivalent  to  the  concept  of  arrangement  of  atoms  in  space"  (17);  »i  is  alleged  that  we  regard  molecules  at 
"certain  mechanical  aggregates  of  electrons  a'Hl  nuclei"  (17)  *hat  "ir  the  light  of  modern  science  the  concept 
of  chemical  structure  resolves  itself  •f’to  rhe  concept  of  a  mecnan’cal  state"  [17]-  that  "modern  chemical  science 
treats  the  mechanical  concept  of  cnemical  sf  uctire  o''i>  as  rhe  spattel  location  of  atoms  in  molecules,  and  so  on. 
In  short.  G.  V.  Chelintsev  attributes  to  us  the  statement  that  the  arra'^gement  of  atoms  in  molecules  Is  governed 
by  the  mechanical  interaction  of  the  atoms,  i.e.  he  ar^nbutes  to  us  the  view  that  prevailed  in  the  second  half 
of  the  past  certury.  Actually,  we,  like  the  ove'’whelm!'‘g  majority  ot  contemporary  chemists  and  physicists, 
have  in  mind  -"when  speaking  of  the  a’rangeme.'t  of  atoms  -r  space  —an  atomic  ir.teractim  of  an  electro¬ 
magnetic  character. 

We  have  cited  examoles  of  the  p«3lemic  imagmatron  o*  G.  V  Chelintsev  “*ot  s'*  mu.'ti  to  reconstruct 

•  We  reproduce  in  full  the  elation  to  wnich  Cheli'tsev  alludes  a''>d  wh'ch  was  artificially  made  up  by  him  fiom 
two  disconnected  passages  taken  from  different  pages  The  concept  of  chemical  structure  is  nevertheless  not 
basic  to  Butlerov's  theory.  The  cc*:ital  place  u'’  it  is  occ  >p’ed  by  lus  theory  of  the  dependence  of  the  chemical 
properties  of  a  compound  on  its  structure"  (p.569)  .  .  .  iiowcvet,  the  ?>jtle*ov  concept  of  chemical  structure  was 
an  essential  step  forward  since, ...by  drawing  a  disrr  ct'on  between  the  concept  of  arrangement  of  the  bonds  of 
chemical  atoms  a^'d  the  concept  of  the  arrangement  of  phv'‘'cal  atoms  in  space  ('the  relative  arrangement  of 
the  atoms")  it  expressed  the  true  purpose  of  Ihe  developme'.t  of  orgar-ic  chem-stry  -the  establishment  of 
the  chemical  structuie  of  oiganic  compounds"  (p558  ). 
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for  ourselves  the  "superlogic"  of  tlie  anacks  made  on  us  by  Chellntsev  (which  Is  obvious  to  everybody  acquainted 
with  our  paper  cn  "A.  M.  Butlerov  and  the  theory  of  chemical  structure '7,  with  the  objective  of  showing 

that  sophistry  in  iu  Crudest  form,  especially  the  arbitrary  interpretation  ofeitations  already  commented  on  by 
A.N.Nesmeyanov  [18],  is  a  favorite  weapon  of  the  author  of  "the  new  stnictural  theory^both  in  atucks  on 
others  and  in  defense  of  his  theoretical  concepts,  about  which  latter  we  have  something  to  say  below. 

As  we  know,  the  central  concept  of  Chellntsev's  •new  structural  theory*,  unanimously  rejected  by  Soviet 
chemists  and  physicists  (see  the  transerbed report  of  the  Conference  on  the  Theory  of  Chemical  Structure)  is  the 
concept  of  the  homeopolar  electrovalent  bond.  He  writes:  "The  orbit-contact  formulas  of  benzene,  ethylene, 
naphthalene,  anthracene,  etc.  only  appear  possible  in  the  light  of  the  concept  of  the  homeopolar  electrovalent 
bond*  [19),  or  "In  order  to  be  able  to  write...the  formula  of  benzene,  I  foresaw  (?)  the  possibility  of  the  homeo¬ 
polar  electrovalent  bond*  (20).  Actually,  without  this  concept  the  whole  *new  structural  theory*  would  not  have 
represented  anything  original.  As  far  back  as  1923,  Lowry  (21)  pul  forward  the  suggestion  that  "whereas  a  single 
bond  may  be  either  covalent  or  electrovalent,  a  double  bond  in  organic  chemistry  usually  reacts  as  if  it  consisu 
of  one  covalent  and  one  electrovalent  bond. ..their  existence  can  be  justified  on  the  basis  of  the  electronic  theory 
of  valency  by  assigning  a  complete  octet  to  each  negatively  charget*  aom  and  a  sextet  of  electrons  to  each 
positively  charged  atom*.  Lowry  represented  butadiene  by  the  formula  and  pointed  out  that 

according  to  his  scheme  "the  distinction  between  a  single  and  a  double  bond  in 
conjugated  systems  disappears  completely".  Lowry’s  benzene  formula  (I),  the 
formulas  of  butadiene  and  a  series  of  other  com  pound*  di  ffer  from  the 
corresponding  formulas  of  Chelintsev  (22):  and  (II), 

•which  express  the  close  multiple  bonds  of  cO;!jugated  systems*  (23)  only 
by  the  absence  of  the  dotted  line  Indicating  the  electrovalent  bond.  Lowry's 
formulas  have  long  disappeared  from  the  stage.  G.  V.  Chelintsev  tiiet  in 
vain  to  infuse  new  life  into  them.  He  writes:  "The  origin  of  alternating 
polarity  (in  benzene  derivatives  "authors*  note)  found  its  due  explanation 
only  in  Lowry's  formula,  but  without  the  concept  of  contact  bonds,  this 
formula  could  not  be  proved  and  therefore  it  did  not  receive  recognition* 

(24).  Since  Chelintsev  himself  admits  that  the  "contact  bond"  is  only 
a  "new  name*  (25)  for  the  electrovalent  bond,  then  the  difference  between  the  standpoints  of  Lowry  and 
Chelintsev  resides  solely  in  the  fact  that,  according  to  Chelintsev,  the  electrovalent  (contact)  bond  may  still 
be  homeopolar. 

The  untervability  of  the  concept  of  the  homeopolar  electrovalent  bond  was  repeatedly  and  convincingly 
demonstrated  at  the  Conference  cn  the  Theory  of  Chemical  Structure.  We  shall  t»t  repeat  all  the  statements, 
but  we  find  it  necessary  to  expose  the  sophism  of  those  arguments  with  which  Chelintsev  seeks  to  defend  the 
concept  of  the  homeopolar  electrovalent  bond.  This  is  ail  the  more  necessary  since  he  takes  the  liberty,  in 
a  most  unceremonious  manner,  of  attributing  to  A.  M,  Butlerov  (and  not  for  the  first  time  [26])  his  own  point 
of  view  —which  is  far  removed  from  Butlerov’s  point  of  view. 

C.  V.  Chelintsev  "proves*  the  existence  of  the  homeopolar  electrovalent  bond  by  the  existence  of 
special  "supermechanical  relations"  b<'tween  nuclei  and  electrons,  and  the  well-known  (in  physics)  electric 
and  magnetic  interaction  between  them  is  designated  by  a  stroke  of  the  pen  as  a  "space -force*,  mechanical 
interaction.  Of  course  such  a  hypothesis  of  the  mechanical  character  of  the  electromagnetic  interaction 
between  atoms  and  molecules  or  between  nuclei  and  electrons  is  quite  untenable  (it  is,  strictly  speaking,  a 
mechanical  formulation  of  the  problem);  likewise  there  is  no  justification  for  the  postulation  by  Chelintsev  of 
certain  "supermechanical  relations"  between  nuclei  arid  electrons,  this  being  contradicted  by  all  the 
existing  evidence  for  physical  -according  to  Chelintsev's  definition  "mechanical*  -relations  between  them. 

We  agree  with  A.  N.  Nesmeyanov  who  in  reply  to  Chelintsev,  writes:  "A  molecule  is,  of  course  a 
nuclear-electronic  formation  built  up  in  a  definite  manner,  and  no  special  forces  enter  into  its  construction, 
apart  from  the  nuclear-electronic  interaction  known  to  physics...the  essential  feature  of  a  reaction,  the 
essential  feature  of  chemical  dynamics  consists  in  the  fact  that  a  reaction  of  one  set  of  chemical  substances 
gives  rise  to  another  set  of  substances,  and  this  essential  feature  must  not  be  ignored,  for  it  constitutes  the 
s^c^c  objective  of  chemical  science.  However,  this  essential  feature  of  a  higher  (compared  with  the 
p  ysical  and  mechanical)  form  of  movement  does  not  require  any  special  mechanism  beyond  the  known 
interactions  of  nuclei  and  electrons"  (27).  The  subsidiary  purpose  of  the  concept  of  the  "supermechanical* 
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relttioiB  between  nuclei  and  electroni ‘-namely,  to  lend  a  helping  hand  to  the  physically  untenable  and 
fundaraentaay  superfluous  hypothesis  of  the  homeopolax  eleciroyalent  bond  -U  perfectly  obvious  G  V. 

Chellntscv  writes  plainly:  "The  submined  proof  of  the  concept  of  the  horacopolar  electrovalent  boM  Is 
governed  by  the  concept  of  the  supermechanical  effect  inherent  in  a  system  of  electrons  and  nuclei*  [281 

However,  If  we  Ignore  the  foregoing  -proof,  which  Chelintsev  had  to  bate  on  the  resonance-mesomerlc 
creed,  then  there  are  no  physical  proofs  whatsoever  of  the  existence  of  those  very  -supcrmechanical*  relations 
between  nuclei  and  electrons  (physicists  must  still  only  -concern  themselves  with  this  matter*,  assertt  the 
author  of  the  -new  structural  theory  [29}).  Chelintsev  thus  takes  refuge  in  histcrical  arguments,  attempting 
to  rely  on  the  authority  of  the  Butlerov  theory  of  chemical  structure.  He  placed  the  sign  of  equality  between 
his  above-quoted  concept  and  the  views  of  Butlerov,  from  which  it  follows  that  the  historical  advances  of 
Butlerov’s  theory  are  a  confirmation  of  the  -supermechanical*  concept  of  Chelintsev:  -This  concept*  — 
the  statement  continues  [28]— -corresiwnds  to  the  Butlerov  concept  of  chemical  structure..  .Since,  as 
demonstrated  by  the  historical  development  of  organic  chemistry,  only  Butlerov’s  affirmation  of  the  validity 
of  the  formulas  chemical  structure  leads  to  an  understanding  of  the  laws  of  chemical  phenomena  and  to 
their  practical  exploitation,  it  is  obvious  that  the  concept  of  the  supermechanical  relations  between  electrons 
and  nuclei  correspemds  to  reality*.  Is  it  really  obviousr 

Chelintsev  argues  that  Butlerov  put  aside  "the  consideration  of  the  spatial  arrangement  of  atoms*,  but 
in  addition— and  this  the  author  of  the  -new  structural  theory*  passes  over  in  silence  — Butlerov  put  aside 
the  problem  of  the  nature  of  the  relatiotu  of  atoms  in  a  molecule,  in  other  words  the  problem  of  the  nature  of 
the  chemical  bond,  i.c,  the  very  subject  on  which  Chelintsev  comments.  This  is  clear  frohi  the  same  passage 
vTaich  Chelintsev  himself  quotes  [30]:  *We  are  fully  entitled-— wrote  Butlerov— *to  speak  of  the  mutual 
chemical  relation  of  au>ms  in  a  molecule  as  if  it  were  a  real  relation.  Putting  aside  the  question  of  the  nature 
of  this  relation  (our  italics  •  author^  note)  and  the  whole  of  the  spatial  concepu,  we  arbitrarily  assign  to  it  the 
name  of  -link*  or  -bond*.  As  for  the  re-st.  in  those  rare  passages  where  Butlerov  touches  on  the  nature  of  the 
interatomic  bond,  he  speaks  of  interference  of  movement  (e.g.  vibration)  of  one  atom  by  the  movement  of 
another  atom  [32].  In  addition,  as  already  noted  above,  Butlerov  put  to  one  side  the  question  of  the  spatial 
relations  of  atoms  only  temporarily,  *in  the  meantime*,  a  fact  that  must  have  been  known  to  Chelintsev. 
Consequently,  the  claim  of  Chelintsev  that  his  concept  of  the  -supermechanical*  relations  of  electrons  and 
nuclei  (conflicting  with  all  other  ideas  about  physical  interaction)  -corresponds  to  the  Butlerov  hypothesis 
of  chemical  structure*  is  nothing  less  than  a  stain  on  the  reputation  of  the  great  Russian  cliemist— A.  M.  Butlerov. 

Sometimes  these  dubious  -proofs*  of  G.  V.  Chelintsev  are  directly  due  to  that  obvious  -ignorance  of  the 
history  of  the  development  of  the  problem  of  structure*  of  which  he  lightly  accuses  others  and  which  leads  him 
so  far  as  to  deny  Butlerov’s  priority  in  the  creation  of  the  theory  of  chemical  structure.  As  we  know,  foreign 
and  some  Russian  historians  have  frequently  reiterated  that  structural  formulas  were  already  being  used  by 
chemists  at  the  end  of -the  fifties  of  the  past  century,  Ue.  chemical  structural  formulas.  This  is  the  chief  link 
in  the  version  first  composed  by  Kekule  and  Lothar  Meyer,  according  to  which  Kekule  was  actually  the  author 
of  the  structural  theory.  Actually,  however,  even  in  1863  (KekulS  was  using  the  type  formulas  (first  edition 
of  the  second  volume  of  the  textbook  of  organic  chemistry)  which,  as  he  himself  repeatedly  emphasized,  are 
only  the  formulas  of  transformation  of  substances.  A.*  /.  V.  Maxkovnikov  has  convincingly  shown,  even  in  1864 
Kekiil6  in  his  textbook  still  adhered  to  formulas  of  tr^^isfoimation  and  not  of  structure;*.,,  the  renunciation  (of 
types  -  Authors’  note)  is  only  apparent.  No  types,  but  the  meaning  of  the  formulas  remained  as  previously* 

[33J.  In  contrast  to  Kekuie’s  formulas,  the  ^e  of  Couper  indicated  the  linkage  of  atoms  in  the  molecule,  but 
they  did  not  rest  on  experiment  and  were  governed  by  the  ability  of  the  substances  m  question  to  enter  into 
definite  reactions.  Couper  was  influenced  in  their  derivation  only  by  the  formal  rules  of  valency  of  elements 
and,  evidently,  in  the  majority  of  cases  he  still  tended  to  produce  symmetrical  formulas.  In  comparison, 
therefore,  with  Butlerov’s  formulas,  those  of  Couper  are  arbitrary  pseudo-structural  schemes. 

•  It  follows,  accordmg  to  Chelintsev,  from  a  comparison  of  the  “new  formula  of  benzene  with  the  hexatrlene 
formula  of  its  pseudomer*  that  in  the  transition  from  the  nonexistent  "pseudomer*  to  real  benzene  an  energy 
gain  occurs.  In  what  respect,  then,  does  this  •proof"  differ  from  the  •proof®  of  the  theory  of  resonance, 
according  to  which  a  similar  energy  gain  follows  from  a  comparison  of  real  benzene  with  the  resonance  form 
(Ue.  the  •pseudomer*  of  benzene),  represented  by  the  Kekulb  hexatrlene  formula  which  Chelintsev  has  so 
often  anathematized  T 
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y  We  thus  lec  the  profoiuHl  error  of  the  assertion  of  the  existence  of  pre^Builerov  structural  formulas  which 

more  satisfactorily  expressed  the  chemical  properties  of  substances.  Furthermore,  in  tie  words  of  Chenllntsev, 
f  "structural  formulas  were  written  even  before  Butlerov*,  but  they  were  regarded  as  convenient  means  of  expression 
of  the  metiiods  of  preparation  or  of  the  chemical  properties*  [15]  of  the  molecules.  It  is  clear  that  these  words 

•  are  only  applicable  to  the  type  formulas  of  Gerhardt,  Kekul6  and  their  successors.  "The  instrument  which  was  to 

I  be  judged  the  most  important  instnunent  in  chemical  science  •  writes  Chelintsev  later  •  was  still  very  coarsely 

I  fashioned  but  was  nevertheless  available.  However,  methods  were  not  known  for  its  utilization.  These  methods 
weie  discovered  by  A.  M.  Butlerov*  [15],  According  to  Chelintsev,  therefore,  Butlerov  in  his  theoretical  studies  ^ 
in  the  early  sixties  was  already  utilizing  finished  structural  formulas.  The  same  assertion  was  made  in  their  time. 

'  by  Kekul^  and  Lothar  Meyer,who  did  not  hesitate  to  garble  historical  facts. 

•  Lack  of  space  limited  the  size  of  our  article  and  we  were  unable  to  deal  with  other  errors  of  G.  V. 
Chelintsev  (knowledge  of  *mutual  influences*  on  the  energy  relations  of  atoms  [301  the  statement  that  one  of  the 

1  obstacles  to  the  recognition  of  his  benzene  formula  has  *an  ideological  character*  (281  etc);  nor  have  we  com- 
I  posed  a  final  answer  to  a  whole  series  of  his  *accusations*  ;.i)d  malicious  Innuendoes,  such  as  :  *By  the  term 

I  'modern  chemists*  B.  A.  Kazansky  and  G.  V.  Bykov  imply  only  the  supporters  of  the  mesomer-resonance  theory  of 

Ingold  and.  Pauling*  [171 

!  We  have  no  thought  at  all  of  denying  the  right  of  G.  V.  Chelintsev.  as  well  as  that  of  any  Soviet  scientUl, 

■  to  put  forward  hypotheses  relating  to  any  field  of  chemistry.  We  even  think  that  some  of  our  chemists  avoid  ex- 

I  pressing  their  views  on  theoretical  maners  due  to  fear  of  criticism,  especially  when  it  is  so  crude  and  tendentious 

as  that  of  G.  V.  Chelintsev,  or  due  to  diffidence  about  the  results  of  discussions,  or  to  disinclination,  in  general,  to 
'  enter  into  polemics.  In  saying  this,  we  are  not  reproaching  Chelintsev.  We  willingly  acknowledge  his  services  in 
opposing  by  positive  action  the  mesomer-resonance  theory,  the  criticism  of  which  by  Chelintsev  was  of  undoubted 
i  value.  Nevertheless,  it  is  impossible  to  ignore  the  scientific  untenability  of  the  hypothesis  of  Chelintsev,  which 

I  he  too  hastily  put  forward  as  a  theory.  Moreover,  its  author  (forgetting  the  words  of  Butlerov:  *He  who  Is  filled 

with  vain  conviction  of  the  truth  of  his  scientific  theory  is  virtually  reverting  from  science  to  a  dogmatic  creed* 

I  [34]  suggests  that  "other  formulas  of  the  chemical  structure  of  conjugated  compounds  than  the  formulas  of  the  new 
structural  theory  can  exist  within  the  framework  of  modern  electron-nuclear  concepts*  [35].  Consequently,  who 
dares  to  criticize  the  new  structural  theory!  How  should  there  be  a  battle  of  ideas  between  other  chemists  and 
I  the  author!  And  any  publication  opposing  hu  "theory*  is  made  to  appear  a  reprehensible  heresy.  Anybody  writing 
in  opposition  to  Chelintsev’s  theory  or  ignoring  it  is  readily  accused  by  him  of  "mechanism*,  "agnosticism*, 

I  "machism",  and  similar  "isms*.  Chelintsev  prosecuies  the  campaign  for  his  theory  with  a  vociferous  and  defama* 

I  tory  slogan:  He  who  is  against  me  is  against  dialectical  materulism.  Under  the  guise  of  the  fight  for  the  dia¬ 

lectic-materialistic  development  of  the  Butlerov  doctrine  of  chemical  structure,  G,  V.  Chelintsev  is  at  present 

•  engaged  in  defaming  existing  and  potential  opponents  of  his  "theory",  resorting  to  methods  which  cannot  fail  to 

!  shame  Soviet  chemistry. 
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ELEMENT  ANALOGS  OF  THE  PERIODIC  SYSTEM 


E.  P.  Ozhigov 


In  composing  his  ingenious  periodic  system,  D.  L  Mendeleev  proceeded  from  the  harmony  between  the 
physico-chemical  properties  of  the  elements  and  their  masses. 

Forced  to  use  only  one  quantitative  characteristic  of  the  element  — its  atomic  weight,  D.  I.  Mendeleev 
established  an  interrelationship  between  the  atomic  weights  and  the  chemical  properties  of  the  elements,  and 
developed  the  theory  for  correlation  of  atomic  weights,  which  was  subsequently  the  object  of  attention  by 
investigators  for  50-G0  years  of  the  last  century  (Dumas,  Pettenkofer,  L  Meye^and  others). 

At  the  present  time  these  concepts  of  D.  L  Mendeleev  have  acquired  considerable  interest  in  regard 
to  investigation  of  the  periodic  properties  of  the  atomic  nucleus. 

D.  L  Mendeleev  remarks  that  "those  element*  which  are  similar  in  chemical  properties  are  either  close 
togetner  in  atomic  weights  (such  as  Pt,  Ir,  Os),  or  increase  uniformly  and  consecutively  (such  as  K,  Rb,  Cs). 
values  for  the  atomic  weights  of  elements  belonging  to  the  neighboring  long  periods  differ  by  approximately 
45.  for  example.  K— Rb.  Cr-Mo,  Br-L  However,  elements  of  a  given  series  possess  smaller  differences  in 
atomic  weights.  The  differences  between  the  atomic  weights  of  Li.  Na  and  K  are  the  same,  approximately 
1C,  for  Ca.  Mg  and  Ba  the  same,  for  Sr-C  equal  to  16.1,  for  S-O  equal  to  16.06  arxl  for  Cl-T  equal  to  16.45. 

As  the  atomic  weights  increase,  the  elements  of  one  group  from  two  adjacent  short  periods  usually  possess 
large  differences  (equal  to  about  20  Ti-Si  =V-P  =  Cr*S=  Nb-As,  and  so  lorth).  For  the  lieaviest  elements 
the  greatest  magnitudes  are  reached,  for  example,  2G  =  TlT-Pb,  26  =  Bt-Ta,  25  =  Ba— Cd,  and  so  forth.  Thus, 
though  not  clearly,  even  with  the  values  of  atomic  weight  for  analogs,  there  is  observed  a  relationship  with 
change  in  properties  [I)." 

For  the  end  of  the  periodic  system,  D.  I.  Mendeleev  adopts  a  difference  value  of  90  between  atomic 
weights  of  analogous  elements  (elements  of  the  sixth  and  seventh  periods). 

Later,  Aston  (2)  attempted  to  relate  periodic  properties  of  the  atomic  nuclei  with  the  chemical  properties 
of  the  corresponding  elements.  In  his  monograph  he  writes:  "Examination  of  a  table  of  mass  numbers  indicates 
that  there  are  many  instances  where  a  difference  of  44  in  mass  numbers  is  related  to  a  difference  of  18  for  atomic 
numbers.  These  differences  are  related  to  atoms  of  analogous  chemical  properties  such  as  Cl**,  Br**.  Likewise,  in 
a  long  period  a  difference  of  88  is  related  to  a  corresponding  difference  of  32,  for  example,  Nb**,  Ta***".  Aston 
considers  these  correlations  to  be  purely  accidental. 

Upon  analyzing  continuous  series  of  natural  isotopes,  the  authors  have  come  to  the  conclusion  that 
Mendeleev's  values  for  atomic  weight  differences  of  the  analogs  (applicable  to  isotopes)  reflect  nuclear 
periodicity  and  represent  Junction  points  in  the  system  which  relate  periodic  properties  of  the  atomic  nuclei 
with  i>eriodicity  in  their  electronic  structures. 

T  e  author  has  established  that  in  the  short  periods  (the  second  .’.nd  third)  the  characteristic  difference 
between  the  mass  numbers  for  a  series  of  8,  is  13  for  a  difference  of  8  between  the  atomic  numbers,  and  a 
difference  of  44-48  between  mass  numbers  for  a  difference  of  18  between  the  atomic  numbers  of  18  (the  medium" 
length  periods),  while  the  characteristic  diffeicncc  in  mas*  huinbers  is  83-90  for  the  difference  of  .32  between  the 
atomic  nu.iibers  in  the  long  periods.  Tliis  allows  placement  of  an  isotopic  series  for  one  period  under  another 
period,  thus  to  obtain  an  isotopic  system  externally  resembling  the  D.  I.  Mendeleev’s  system  of  elements.  The 
periodicity  of  elements  with  even  and  with  odd  numbers  is  shown  by  an  upward  displacement  for  element  isotopes 
with  odd  numbers,  which  are  quite  well  reflected  in  the  rules  of  Shchukarev-Mattaykh,  Aston  and  others. 


TABLE  1 


Periods  compared 

Differences  between  periods  (in 
rounded-off  units  of  atomic  weight) 

1 

No. 

1 

1 

1  For  the  analogous  1 

'  .  1 

elements,  according  | 

to  Mendeleev 

1 

According  to 
.  the  tables  for 
;  principal  iso¬ 
topes  of  elements 

1 

2nd  and  3rd . 

i  16 

16 

2 

4th  and  5th  . . 

1  45 

44-48 

3 

i  Cth  and  7th  (following 

1  the  lanthanoids) .... 

90 

1 

88-90 

For  example,  from  an 
analysis  of  a  series  of  isotopes  of  | 
the  second  and  third  periods  it 
can  be  seen  that  the  pleiads  can 
be  arranged  under  one  another  in| 
regular  fashion,  and  at  the  same 
time  those  isotopes  with  similar 
nuclear  structures  will  possess 
adjacent  values  of  nuclear  spin 
(U^  and  Na”,  B**  and  Al‘^  n“ 
and  P’‘,  o’*  and  S*.  F**and 
Cl*^.  At  the  same  time  there 
also  appears  a  periodic  repetition! 
in  the  chemical  properties  of  the 
elements;  the  analog  difference 

of  lo  falls  within  the  range  Indicated  by  D.  I  Mendeleev. 

Along  with  this  there  are  isotopes  where  the  difference  of  16  in  the  atomic  numbers  is  not  related  to  the 
repetition  of  chemical  properties(B**-Mg*‘.  N^-Si**,  Ne**-Cl”),  however  these  exceptions  do  not  violate  the 
general  rule,  since  there  cannot  exist  a  perfect  mathematical  coincidence  in  difference  because  of  greater 
increase  in  number  of  nuclear  neutrons  as  compared  with  the  number  of  protons. 

It  is  of  interest  to  mention  that  the  isotopes  of  greatest  life  span,  among  the  artificial  and  the  naturally 
radioactive  elements,  correspond  to  the  above-indicated  differences.  Thus,  under  isotope  Mn**  is  placed  the 
complete  analog  — isotope  Tc**  (a  difference  of  18  in  aDiiicnumbers  and  a  difference  of  44  in  mass  numbers), 
which  possesses  a  half-life  period  of  4*  10*  years. 

The  difference  values  in  atomic  weights  for  the  analog  elements  coincides  closely  with  the  difference 
values  for  the  mass  numbers  of  the  principal  isotopes  of  the  same  elements  (Table  1). 

TABLE  2 


Symbols  of  elements, 
and  their  atomic 
weights 

TlrC» 

232.12-140.13 

Pa-Pr  1 

231-140,92 

L,_ . ,  .  ! 

U-Nd 

238.07-144.27 

Np-Pm 

237-147 

Pu— Sm 

239-150.43 

Am— Eu 

241-152 

1  Cirr-Gd 
j  242-156. 

Difference  value.  .  . 

91.99 

1 

90.08 

93.80 

90 

88.57 

89 

1  85.1 

Contemporary  science  does  not  give  an  explanation  for  this  phenomenon,  but  apparently  its  basu  lies  in 
a  periodic  construction  of  the  nuclei  from  specific  structural  units. 

According  to  modern  theoretical  concepts  [8,9],  protons  and  neutrons  form  completed  layers  in  the  nuclei, 
which  also  determine  nuclear  periodicity. 

A  revelation  of  the  role  and  the  significance  of  D.  I,  Mendeleev's  difference  values  in  atomic  weights 
of  element  analogs  is  not  only  of  historical  interest,  but  also  possesses  considerable  significance  for  elucidation 
of  the  problem  of  methods  for  development  of  the  periodic  system.  Inasmuch  as  the  difference  value  for 
atomic  weights  of  element  analogs  fluctuates  around  a  certain  average  value,  and  is  close  to  the  difference 
between  the  mass  numbers  of  their  principal  isotopes,  it  might  be  jpossible  from  this  average  to  find  the  probable 
mass  numbers  for  the  principal  isotopes  of  the  new  elements  which  have  not  as  yet  been  discovered. 

As  IS  known,  the  question  of  possible  new  isotopes  for  elements  96,  97  and  98  is  now  being  debated  in  the 
literature. 

By  making  use  of  the  concepts  concerning  the  difference  values  of  atomic  weights  between  elements  of  the 
actinide  and  of  the  lanthanide  groups,  this  problem  might  be  approximately  solved.  Atomic  weights  for  the 
principal  isotopes  of  the  transuranium  elements  have  been  taken  from  tables  published  tece'itly  [3], 

t  car  be  seen  from  Table  2  that  there  exists  an  abnormally  low  difference  value  in  atomic  weights  for  the 
pau,  Cm-Gd,  indicating  that  the  Cm  isotope  with  mass  number  242  is  not  the  principal  one. 
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TABLE  3 
Eiement  No.  97 


Isotope  mass  .  .  .  .  ‘  240 
Type  of  radioactive  ; 

1 

241 

242 

!  243  ' 

1  , 

1 

244 

245 

246  ' 

247 

1 

248 

249 

250 

decomposition  .  .  ;  K 

K 

K 

<  K 

K 

a 

a 

a 

HalNife  period  .  .  Mm. 

Min. 

Min. 

Hours 

Hours 

Days 

Years 

Years 

Tears 

Tears 

Tears 

Element  No.  98 


Isotope  mass . I 

1  243  1 

244 

1  245 

1  246  1 247 

248 

; - j - ^ - 

1249  i250  '251 

Type  of  radioactive  decomposition.  | 

K 

« 

K 

1  a  )  a 

1 

a 

_  '  -  1  - 

Half-life  period . 

Min.  i 

1 

Mm. 

Days 

Hours  :  Years 
Days  . 

Years 

1  * 

Yean  Years  .  Yeats 

Mass  numbers  for  the  principal  isotopes  of  Cm  might  be  determined  by  systertnaoc  addition  of  the 
difference  88,  and  of  the  difference  90.45  (the  average  arithmetic  value  from  the  eleinem  differences 
preceding  Cm)  to  the  atomic  weight  of  Cm. 

The  resulting  numbers  244.90  and  247.35  define  not  the  average  atomic  weight  (average  atomic  weights 
for  the  transuranium  elements  possess  no  meaning),  but  rather  the  order  and  the  nunr-erica!  values  for  the  most 
stable  isotopes,  including  the  Cm  pleiad.  Apparently  the  mass  numbers  243,  244,  245.  24o,  247,  248  and  249 
should  definitely  be  included  in  these  series.  Among  the  elements  of  even  numbers;,  more  probable  is  the 
presence  of  isotopes  of  even  mass  numbers  possessing  greater  halMife  periods:  thereSare.  tfie  most  stable  isotopes 
should  be  associated  with  Isotopes  of  mass  numbers  24C  and  248.  The  series  presented  coi'seide  fundamentally 
with  the  series  predicted  by  Seaborg  (41 

Similarly,  with  element  97  the  most  stable  isotopes,  with  masses  247  and.  24 £.  result  from; adding  the 
differences  88  and  90  to  the  atomic  weight  of  Tb  “'159.2.  The  principal  isotopes  5o:  element  98  could  be 
obtained  by  adding  88  and  90  to  the  atomic  weight  of  Dy  which  is  equal  to  162.48..  In  scch  a  case,  ibc  principal 
isotopes  for  element  £8  would  be  250,251  and  252.  Tliese  dau  for  the  principal  iaermpes  cf  the  elements  Bk  and  Cf 
are  in  satisfactory  agreement  with  the  data  of  A.  P.  Znoiko  [5]  and  of  I.  Selinov  t-l.  resulang  from  odier  theoretical  con¬ 
cepts.  shall  present  a  theoretical  series  of  isotopes  for  the  elements  according  to  A.  P.  Znoiko  [oj. 

I.  Selinov  [6]  continues  the  isotopic  series  for  element  98  with  mass  niirabeEs.  252  la  I  2f3  j5"l  254  |o  | 

255  1  a‘|  256  \  3'| 

It  can  be  seen  from  Table  3  that  the  Mendeleev  atomic  weight  differences  5or  the  element  aiulogs  have 
not  lost  their  significance  up  to  the  present  day. 

Taking  into  account  D.  L  Mendeleev’s  observations  concerning  element  pairs  (discussed  in  the  works  of 
S.  A.  Shchukarev  (7]),  and  the  fact  that  difference  values  in  the  a»mic  weights  of  elemert  analogs  of  the  periodic 
system  coincide  with  difference  values  in  the  mass  numbers  of  isotope  analogs,  the  condition  might  be  drawn  that 
to  D  I  Mendeleev  belongs  the  priority  of  having  demonstrated,  along  with  the  chec.icaJ  periodicity,  a  certain 
nuclear  periodicity,  the  significance  of  which,  in  view  of  the  status  of  science  in  bus  time,  was  not  clear  to  him. 

LITERATURE  CITED 

(1]  D  I.  Mendeleev,  Principles  of  Chemistry,  Volume  II,  64  (1932). 

(2]  F.  V  Aston,  Mass  Spectra  and  Isotopes,  Foreign  Literature  228  (1948). 

[3]  V.  Ritsler,  Introduction  to  Nuclear  Physics,  Foreign  Literature,  262-271 

[4]  T  Seaborg,  Science  105,  349  (1947),  and  also  in  part:  Science  103,  oTf  (1£4;).  in  Russian uanslaiion 
"The  Chemistry  of  Isotopes",  Symp.  No.  1,  edited  by  Ya.  K.  Syrkin. 

(5J  A.  P.  Znoiko  and  V.  L  Semishin,  Proc.  Acad.  Sei.  USSR,LXXIV,  No.  5|1960X 

[6]  A,  1.  Frenkel.  Principles  of  Atomic  N!:clear  Theory  (1950). 

[7) S.  A.  Shchukarev,  J.  Gen.  Chem.,  19,  No.  1,  (1949).  * 


See  Co'oultants  Bureau  English  translation,  page  1,  ff. 


183 


[8]  I.  A.  VaUman.  Proc.  Acad.  ScL  USSR.LXXI.  5.  859(1950). 

[9]  D.  Ivanenko  and  V.  Radichev,  Proc.  Acad.  Sd  USSR,LXX,  4,  605  (1950). 

Received  May  16.  1951  Chemistry  Department  of  the  Far  East  Branch 

of  the  Academy  of  Science,  USSR 


184 


\ 


IONIC  RADII  AND  IONIZATION  POTENTIALS 


K.  B.  Yattitnirsky 


The  ionization  potentials  are  known  for  a  majority  of  the  chemical  elements.  The  existence  of  a 
tremendous  amount  of  experimental  material  in  this  field  has  made  it  possible  to  work  out  generalizations 
and  to  derive  a  number  of  functional  relationships  between  the  ionizatson  potential  values  and  characteristics 
of  the  atoms.  These  functions  in  a  majority  of  cases  extend  only  to  atoms  with  a  minimum  number  of 
electrons.  The  validity  of  periodicity  for  the  ionization  potentials  with  increase  in  Mendeleev  number  has 
been  established. 

A  great  number  of  empirical  and  semi  •empirical  equations  have  been  proposed  [1]  for  calculating  the 
ionization  potentials  of  isoelectronic  atoms  and  ions.  Some  authors,  and  in  particular  Wasastjerna  [21  have 
established  a  relation  between  the  ionization  potential  values  and  the  distance  between  nucleus  and  electron. 
Undoubtedly  there  exists  a  relation  between  ionization  potential  and  the  radius  of  the  ion  formed  in  the 
ionization  process. 

An  increase  in  nuclear  charge  (the  Mendeleev  number)  should  lead  to  an  increase  in  the  ionization 
potential:  however,  the  radius  increase  formed  in  the  ionization  process  should  lead  to  the  reverse  effect. 

The  empirical  equation  (1)  proposed  by  the  author  reflects  the  reverse  action  of  these  two  factors: 


In  this  equation  I  = 
Ionization  potential,  r  =  radius 
of  the  ion  formed  (the  author 
used  Goldschmidt's  ionic  r^-iii 
in  all  ca;>es),  Z  =  Mendeleev's 
number  (atomic  number).  A  and 
B  =  constants. 


Equation  (1)  can  be 
slightly  modified: 


Fig.  2.  Graph  of  Ionization  Potential 
Dependence  upon  Atomic  Number. 


Fig.  1.  Goph  of  the  Ionization 

Potential  Dependence  Upon  Atomic  After  such  modi- 

Number.  fication,  the  right  side 

of  the  equation  conforms 
completely  to  the 
expression  for  changes 
in  thermochemical  values  as  proposed  by  A.  F.  Kapustinsky  [3). 

In  the  graphs  given  (Figs.  1,2,3  and  'I)  it  has  been  democsu 
found  to  be  a  linear  function  of  the  atomic  number.  At  the  same  time  there  appear  two  groups  of  ions  whici 
appear  to  differ  sharply:  a)  ions  with  the  inert  gas  structure  (S-election  ions):and  b)  ions  with  d-  and  Sjelecti 
(18*.  18  •♦•2-electron  ions,  and  also  incomplete  electronic  structures). 

The  A  and  B  constants  in  Equation  (1)  were  found  with  the  aid  of  the  graph  given.  Upon  substitution 
of  the  numerical  values  for  these  constants  itito  Equation  (1), the  following  equatiore resulted: 

.  4.91ogZ 


8.8  lofl  Z— 5.8 


14.6  los  Z 

-Wt  • 

33.3  log  Z~29.0 


Equationi  (3a)  and  (lc)define,  respectively,  the  ionization  potentials  for  one  and  for  two  electrons 
in  those  cases  where  the  basic  structure  is  that  of  an  inert  gas.  If  the  bcsic  structure  remaining  after  ionization 
has  a  different  structure,  then  Equations  (3b)  and  (3d)  should  be  applied  for  cal^  ^lation  of  the  ionization 
potentials  for  the  Isf  and  2nd  electrons.  _ 

«  '  The  author  has  used  '  j 

^ ^  Equations  (3b)  ajnd  (3d)  to  ju  _ 

calculate  ionic  radii,  since . 

.  ionization  ■  / 

•  potentials  are  more  extensive  '  / 

1  tha  data  for  Ionic  radii  ^ 

.  values.  Calculation  resulu 

- are  presented  in  Table  1.  / 

*  Primary  data  for  the  ,  / 

IQ.  ionization  potentials  were  /k> . 

taken  from  LlslL«ln's  abstract. 

A  majority  of  the 

•  . .  Ionic  radii  values  given  here  . 

/4W  (40  1/60  iSO  iOO  have  been  calculated  for  the  Vlw  OO  (44  Zdo 

tog"!  '  first  time;  however,  some 
of  them  were  reported 

_  -  _  .  -  ...  earlier  in  the  literature.  - - u  _ _ _ 
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Fig.  3.  Graph  of  Ionization 
Potential  Dependence  Upon  Atomic  B.  F.  Ormont  [4]  Dependence  Upon  Atomic  Number. 

Number.  quotes  values  of  0.76  and 

0.72  A,  respectively,  for 
the  ionic  radii  values  of 

Ti**  and  V*^*.  These  numbers  almost  coincide  with  the  ones  calculated  by  the  author.  The  author's  values  with 
respect  to  Pd"^*  and  Cu"*^*  differ  from  the  values  qucied  by  B.  F.  Ormont.  He  gives  values  of  0.-72  and  0.51  A  for 
Pd"*^*  and  Cu”^*,  The  author  considers  that  the  last  two  values  differ  from  the  actual  values.  The  radius  of  the 
Pd"*^^  ion  (0.72  A)  IS  found  to  be  smaller  than  the  radius  for  the  Nl^*  (0.78  A).  Moreover,  Pd  is  in  the  5th  period 
and  Ni  in  the  4th:  and,  further,  the  ions  for  elements  of  the  same  group  Increase  with  an  Increase  in  atomic 
number.  According  to  experimental  data,  the  slmliarly-constructed  NiFj  and  PdF|  distances,  M  and  F  are 
respectively  equal  to  2.00  and  2.15  A,  i.e.,  the  radius  of  the  Pd"*^*  ion  is  larger  by  0.15  A  than  the  radius, 
which  IS  in  approxlma»e  agreement  with  the  author's  data. 

According  to  B.  F  Ormont  (4j,  the  value  for  the  ionic  radius  of  Cu"*^*  differs  sharply  from  the  radii  of 
doubly-charged  ions  for  all  elements  of  the  4th  period  sub-groups.  The  Cir*F  distance  In  the  CuF|  lattice  is 
2.34  A  [4],  which  likewise  does  not  agree  with  Ormont's  data. 

By  utilizing  the  entropy  value  for  the  Cu"^*  ion  in  aqueous  solution,  A.  F.  Kapustinsky  calculated  the 
radius  value  for  this  ion  (5).  It  was  found  to  be  equal  to  0.82  A;  this  value  coincides  well  with  the  one  calculat 
by  the  author. 


Fig.  4.  Graph  of  Ionization  Potential 
Dependence  Upon  Atomic  Number. 


The  Sn'*’*  ionic  radius  value  (1  17  A)  differs  somewhat  from  the  value  calculated  by  A.  F.  Kapustinsky  [6 
Tliis  difference  is  explained  by  the  fact  that  thermochemical  calculation  of  the  Sn'*'*  radius  was  carried  out  by 
the  use  of  a  first  approximation  equation  for  lattice  energy  (and  further,  A.  F.  Kapustinsky  obtained  a  more 
accurate  equation  [7]),  and  in  addition,  in  calculating  the  radius,  the  author  proceeded  from  a  hypothesis 
concerning  the  type  of  ionic  relation  in  the  compounds  SnCl|  and  SnS.  Meanwhile,  the  type  of  relation 
evidently  differs  from  the  ionic  type,  and  the  A.  F.  Kapustinsky  equation  gives  somewhat  lowered  results. 


w 

I 


186 


The  Ge^  J^nlc  radius  value  (0.98 A)  found  by  Powell  and  Brewer  differs  but  litUe  from  the  one  calculated  by 
the  author. 

To  verify  the  ionic  radii  values  obtained,  the  author,  utilizing  them,  has  calculated  the  lattice  energies  for 
tin,  chromium,  vanadiurn  and  indium.  Tbe  required  thermochcmical  data  for  compounds  of  the  remaining  elements 
are  not  available. 

TABLE  1 


Radii  of  Certain  ions.  Calculated  from  the  Ionization  Potentials* 


— n 

loo 

Atomic 

numbci 

\ 

'  Total 
loniza* 

tioo 

potent¬ 
ial  (elec¬ 
tron 

vclts) 

■ 

Radius  (in 
Angstroms) 

Ion 

Atomic 

number 

Tbtal 
ioniza¬ 
tion 
potent¬ 
ial  (elec 
tron 

volts) 

»  * 

Radius (in 

Angstroms) 

monovalent  ions 

divalent  ions 

28 

7.61 

0.96 

24 

23.3 

0.81 

31 

5.97 

1.17 

Cu'** 

29 

27.9 

0.80 

Pd» 

46 

8.3 

1.05 

Ga^ 

31 

26.4 

0.85 

Jo* 

49 

5.76 

1.38 

Ge^ 

32 

23.9 

0.93 

Pt+ 

78 

8.88 

1.16 

Pd"** 

46 

28.1 

0.96 

divalent  iotu 

Ag'** 

47 

29.0 

0.95 

1 

1 

49 

24.57 

1.07 

Ti-f* 

22 

20.4  1 

0.77  i 

Sn^ 

50 

21.9 

1.17 

i 

23 

-20.8  1 

-0.73  j 

In  the  compounds  investigated,  the  type  of  relation  differs  from  the  ionic:  therefore,  to  calculate  the  lattice 
energy,  the  author  used  an  equation  developed  earlier  (9]: 

U  =  Ui  ♦  25010.5  ♦  0.002(^  ♦  1/40-2E  ♦  (4) 

where  U  =  lattice  energy;  U|  =  lattice  energy  calculated  from  the  Kapustinsky  equation:  \  =  ionization  potential 
for  two  electrons;  0  =  characteristic  temperature  for  the  metal;  E  =  electronic  affinity  of  the  x  atom,  and  I>(|  = 
dissociation  energy  of  the  ^  molecule. 

TABLE  2 


Lattice  Energies  for  Certain  Salts 


Compounds 

!  Lattice  energy  1 

Compounds 

Lattice  energy 

;  according 
to  equa- 
i  tion  (kcal) 

from  ex-  j 

perimental  j 
data  fkcal) 

according 
to  equa¬ 
tion  (kcal) 

I  from  ex- 
I  perimental 

1  data  (kcal) 

SnCl, 

i  545 

538 

CrCl, 

617 

604 

1 

SoBti 

1  630 

637 

Crl| 

585 

1  584 

Sn^ 

516 

515 

VCl, 

600 

i  589 

SiXOH), 

i  630 

I 

637 

InCl, 

562 

j  578 

The  lattice  energy  value  calculated  from  Equation  (4)  is  given  in  Table  2.  Data  necessary  for  calculations 
were  taken  from  sources  [9]  published  earlier  and  from  tables  compiled  by  Britske  and  Kapustinsky  (10). 

The  values  calculated  according  to  Equation  (4)  were  compared  with  those  calculated  from  experimental 
thermochemical  data.  There  was  observed  in  all  cases  a  satisfactory  conformity  between  calculated  and  experi- 
mental  values. 

•  After  dispatch  of  manuscript  to  press,  the  radius  of  the  Francium  ion  (Fr+*)  was  calculated  by  Finkelbuig  and  Stem 
and  was  found  to  be  equal  to  1.78  X. 


Having  now  at  one’i  disposal  a  considerable  amount  of  data  for  the  radii  of  mono-  and  of  divalent  Ion*, 
certain  regularities  can  be  detected  in  ionic  radii  modifications  during  change  in  atomic  number  (Mendeleev 
number).  A  compilation  of  the  Ionic  radii  is  given  in  Table  3. 


TABLE  3 

Radii  of  Monovalent  and  Divalent  Ions 


Atomic  ^ 
number  ’ 

Ion 

Radius 

Atomic 

number 

1 

Ion 

1 

Radius 

1  Atomic 
j  number 

— 

Ion 

Radius 

5  ! 

U* 

0.78 

4 

Be"* 

0.34 

! 

i  32 

Ge^ 

0.93 

11  ! 

Na^ 

0.98 

12 

Mg"* 

0.78 

j  38 

Sr^ 

1.27 

19 

1.33 

20 

Ca** 

1.06 

!  46 

Pd-** 

0.96 

28 

0.96 

22 

Tl** 

O."*? 

! 

0.95 

29 

Cu  + 

0.96 

23 

v+* 

0.73 

48  ' 

Cd"* 

1.03 

31 

Ga^ 

1.17 

24 

Cr** 

0.81 

49 

In"* 

1.07 

37 

Rb^ 

1.49 

25 

Mn** 

0.91 

50 

Sn"* 

1.17 

46 

Pd* 

1  05 

26 

Fe^ 

0.83 

56 

Ba** 

1.43 

47 

Ag* 

1.13 

!  27 

Co** 

0.82 

63 

Eu-** 

1.25 

49 

In+ 

1.38 

28 

Nl** 

0.78 

60 

Hg"* 

1.12 

55 

Cs* 

1.G5 

1  29 

Cu"* 

0.80 

82 

Pb^ 

1.32 

78 

Pt  ♦ 

1.16 

i  30 

Zn*« 

0.83 

88 

Ra"* 

1.52 

81 

T1+ 

1  1.49 

j  31 

G.- 

0.85 

As  the  atomic  numbers  of  the  elements  change,  the  radii  of  identically  charged  ions  change  periodically. 
Upon  transition  from  the  basic  B-electro"  structures  to  the  ^-electron  structures,  contraction  always  occurs  (K'*’"' 
Cu‘'’.Rb*-Ag'*’’  Ca'^-Ti'^.  Sr^-W**.  etc  ).  Upon  filling  In  the  d  levels,  an  apnroximate  stability  for  the  ionic 
radii(Ti^--Zn'^.  Pd-^-Cd^  etc.)  Is  maintained.  With  respect  to  this  fact,  the  Ionization  potential  constantly  In¬ 
creases  with  increase  in  atomic  number  of  the  element.  When  the  s-levels  are  filled  in  with  electrons,  a  sharp 
increase  in  ionic  volume  is  observed  (Zn'^-Ge'*'*,  Cd'^-'Sn'*’*,  Hg'^~Pb'^,  Ag^'”In'*’.  etc.),  and  in  connection  with 
this  a  certain  decrease  of  the  Ionization  potential. 

For  the  groups  of  the  periodic  system,  there  is  always  observed  an  Increase  in  ionic  radius  with  Increase 
In  atomic  number.  The  ionic  radii  Increases  slow  down  somewhat  after  the  lanthanide  groups  (lanthanldal  contrac¬ 
tion).  Connected  with  this  circumstance  are  exceptionally  high  ionization  potential  values  for  a  majority  of  the 
sixth  period  elements,  and  a  high  stability  (18  ♦  2)  for  the  electronic  structure  of  this  period  (Tl^,  Pb"**,  Bi"**  etc.). 

SUMMARY 

1.  An  empirical  equation  establishing  a  relationship  between  the  ionic  radii  arid  ionization  potentials 
has  been  proposed. 

2.  Ionic  radii  have  been  calculated  for  15  ions,  the  accuracy  for  some  of  the  values  of  which  have  been 
verified  by  calculation  of  the  lattice  energiesof  »he  salts. 

3.  Common  mechanisms  for  changes  in  the  radix  of  )dentically<harged  ions  of  the  D.  I.  Mendeleev 
periodic  system  have  been  established. 
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A  PHYSICO-CHEMICAL  INVESTIGATION  OF  THE  SYSTEM  NH4Br-  AI,Br , -  C4H1NO1 
(ELECTROCONDUCTIVITY,  VISCOSITY  AND  SPECIFIC  GRAVITY) 


L !  ■‘:- 


i.  S.  Bi^gich  and  B.  V.  Sakhnovikaya 


In  the  preceding  works  (1]  it  has  been  demonstrated  upon  calculation  of  viscosity  in  the  region  of  high 
concentration,  that  the  molecular  electroconduct'viiy  for  nitrobenzene  solutions  of  aluminum  bromide  complex 
compounds  assumes  an  abnormal  character.  The  existing  theories  of  abnormal  molecular  electroconductivity 
can  be  reduced  to  essentially  two  opposing  theories.  The  first  theory  explains  the  abnormal  course  of  the  curves 
p  and  (p  on  the  grounds  of  disruption  of  the  current-conducting  complexes  [2],  and  the  second,  being  based  upon 
the  modern  concept  of  liquid  body  structure,  allows  that  in  concentrated  solutions  there  exists  a  definite  order, 
characterized  by  the  presence  of  structural  groupings  which  possess  internal  conductivity.  Upon  dilution  these 
groups  diffuse  to  form  ion  pairs,  as  the  result  of  which  a  fall  in  molecular  electroconductivity  [3]  is  observed. 

According  to  the  Litter  theory,  an  abnormi  course  of  the  p-v  curve  should  appear  for  all  concentrated 
solutions  in  calculatl-ri.  of  viscosity.  The  authas  considered  it  necessary  to  verify  this  statement  by  an  investi¬ 
gation  of  the  system  NH^Br’  AljBr,— CjHjNPi.  The  composition  of  such  a  compound  was  established  by  thermal 
analysis  [4]. 

Electroccnductivity.  viscosity  and  specific  gravity  measurements,  and  preparation  of  the  NHiBr*  Al^Bry 
complex  solutions  were  carried  out  in  exactly  the  same  manner  as  was  described  in  the  preceding  articles  [Ij. 
Solutions  of  the  required  concentrations  were  prepared  in  quantities  which  permitted  simultaneous  measurements 
of  electroconductivity,  viscosity  and  specific  gravity.  Before  dissolution,  the  complex  was  fused.  Dissolution  of 
NH4Br '  AljBr,  complex  in  nitrobenzene  proceeded  with  heat  evolution.  The  color  of  the  solution  changed  from 
straw-yellow  to  red-brown  with  increase  in  concentration.  During  the  experiments  the  vessel  for  measurement 
of  electroconductivity,  the  viscosimeter  and  the  pycnometer  containing  the  solution  to  be  investigated  were  placed 
in  a  water  thermostat.  The  temperature  in  the  thermostat  fluctuated  within  the  range  of +0.05*. 

By  investigations  on  the  electtoconductivity  of  the  binary  system  NH4Br“AlBrj  in  benzene  [5],  xylene  (6), 
ethyl  bromide  [7]  and  nitrobenzene  (8)  it  was  established  that  the  specific  electroconauctivities  for  the  solutions 
increase  with  increase  in  concentration  of  a.mmonium  bromide.  Investigators  explain  the  ij‘*crease  in  $r*?cific 
eleciroconductivities  for  temary systems  as  compared  with  binary  systems  upon  the  basis  of  current-conducting 
complex  formation. 

I.  S.  Bigich  [1]  investigated  the  electroconductivity  of  the  NH4Br' AIiBtj  complexes  in  nitrobenzene,  in 
the  concentration  range  5.01  to  60.25^,  and  temperature  range  of  20-50*.  The  investigation  has  shown  that  as  the 
concentration  of  complex  increases,  the  specific  electroconducttvity  passes  through  a  maximum  and  then  decreases. 
The  maxnnurn  for  the  curve  corresponds  to  25-30*70  of  the  complex.  With  increase  in  temperature,  the  electrocon¬ 
ductivity  increases,  and  the  curve  maximum  shifts  to  the  side  of  higher  electrolyte  concentration. 

Results  of  measurements  on  specific  eleciroconductivity,  as  investigated  by  the  author  for  the  system 
NH4Br ’AljBrj  in  nitrobenzene,  are  graphically  presented  in  Figure  1. 

The  specific  electroconductivity  for  this  system,  as  with  the  system  NH4Br  Al2Br4  in  nitrobenzene, 
passes  through  a  maximum  at  25-30<7o  concentration  with  an  increase  in  concentration  of  the  complex  NH4Br'Al,Br^ 
An  increase  in  temperature  shifts  the  maximum  toward  higher  concentration. 

The  authors  have  calculated  the  electroconductivities  for  the  same  solutions,  corrected  for  viscosity,  and 
likewise  for  specific  electroconductivities.  ’The  calculation  was  carried  out  according  to  the  formula 

K*  -  ^  where  k  -  the  corrected  specific  electroconductivity,  k',  and  if#  ”  specific  electroconductivity, 

solution  viscosity  and  nitrobenzene  viscosity,  respectively. 
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the  maximum  on  the  specific  clectroconductivity  curves  disappears  when 
and  the  curves  themselves  possess  a  convexity  toward  the  abscissa  axis. 

The  curves  of  Figure  3  express  the  relation  of  mole* 
cular  elcctroconductivity  to  dilution,  as  calculated  for  an  electro¬ 
lyte  of  the  composition  NK4Br—Al|Br|, 

As  can  be  seen  from  Figure  3,  the  molecular  clectro- 
conductivity  curves  also  possess  a  normal  character  for  aqueous 
solutions;  the  molecular  electroconductivity  values  increase  with 
increase  in  temperature.  The  molecular  electroconductivity  of 
tne  complex  NH4Br*  Al|Br,  in  nitrobenzene  is  somewhat  smaller 
than  for  the  complex  NH4Br-  AljBr,.  With  an  increase  in  tempera¬ 
ture,  the  molecula*  eiecuoconductivity  values  increase,  especially 
upon  extensive  dilution.  Calculation  of  molecular  electroconduct¬ 
ivity,  corrected  for  viscosity,  was  carried  out  according  to  the 

formula  P*  =  which  is  similar  to  the  formula  for  calcula- 

tlon  of  corrected  specific  elcctroconductivity. 

As  can  be  seen  from  Figure  4,  as  the  concentration  of  electrolyte  increases,  the  molecular  electrocon¬ 
ductivity,  corrected  for  viscosity,  first  decreases,  passes  through  a  maximum,  and  then  increases  gracually. 


Figure  2,  Corrected  (for  viscosity)  specific  elcctroconductivity  of  NH4Br-  Al^Br^  solutions  in  nitrobenzene. 

Such  a  course  for  the  curves  of  corrected  molecular  elcctroconductivity  of  the  solutions  investigated  in¬ 
dicates  that  an  abnormal  course  for  the  /i*-  (  v’)  curves  appears  in  a  solution  with  high  dielectric  constants  upon  in¬ 
troduction  of  a  correction  for  viscosity. 

Considering  the  fact  that  ammonium  bromide  does  not  dissolve  in  nitrobenzene  in  the  absence  of  aluminuir 
bromide,  and  that  the  dissolution  process  is  related  to  complex  formation,  it  should  be  expected,  in  accordance  with 
the  theory  of  current-conducting  complexes,  that  the  complex  should  be  decomposed  upon  dilution,  and  that  the  in¬ 
soluble  component  should  precipitate  out.  However,  this  was  not  observed.  Therefore,  the  authors  consider  that 
their  experiments  confirm  the  statement  which  E.  Ya.  Gorenbein  [3]  postulated  concerning  the  nature  of  the  concen¬ 
trated  solutions;  any  dissolved  substance  tends  to  transform  into  such  a  state  as  it  might  possess  in  the  melted  state, 
and  at  the  same  time  the  highes»  corrected  molecular  elcctroconductivity  should  correspond  to  the  molecular 
elcctroconductivity  for  the  individual  electrolyte  in  the  molten  state. 


As  can  be  seen  from  Figure  2, 
a  correction  for  viscosity  is  introduced. 


Figure  1,  Specific  elcctroconductivity 
of  NI^Br  •  AljBr^  solutions  in  nitro¬ 
benzene. 
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In  other  words,  an  increase  In  the  molecular  electroconductivity,  corrected  for  viscosity,  as  the'  electrolyte 
concentration  is  Increased,  depends  upon  the  formation  of  structural  groups  which  characterize  the  degree  of  their 

regular  disuibution  in  the  solution.  The  maximum  number  of  structural  associations  and  also  the  greatest  extent 

of  order  corresponds  to  pure  electrolyte  in  the 

^  _ _  Aifl*  molten  state.  As  dilution  proceeds,  there  results 

^  a  disintegration  of  the  structural  groups,  which 

^ - - — results  in  a  decrease  of  the  molecular  electrocon- 

^ _ pjp*  ductivlty,  as  corrected  for  viscosity.  It  is  charac- 

if'  •  ^  teristic  that  the  temperature  effect  upon  corrected 

^ _ ***  ^  electroconductivity  varies  in  accordance  with  con- 

■  / X  centration.  In  the  low  concenuation  range,  elec- 

/ /  troconductivity  increases  with  temperature  in- 

T// crease,  which  Is  apparently  explained  by  an  in- 
Jl//  crease  in  degree  of  dissociation,  whereas  in  the 

Jif  /  concentration  range  with  temperature  in- 

jllf  crease  electroconductivity  decreases,  which  is 

^  ‘lU  apparently  related  to  a  decreased  extent  of  order 

^  _  M  for  the  electrolyte  in  the  solution  [3], 

CT  ^  The  analogy  between  the  electrocon- 

^  HOUO — ' — iPOO  — '  'lijOO  ductivity  curves  of  viscosity  and  of  specific  gravity 

f'  for  the  NH4Br  ‘  AljBr,  and  NH;4Br  •  AltBr|  complexes 

which  were  studied  in  nitrobenzene  gives  basis  for 

Figure  3.  Molecular  electroconductivity  of  assuming  that  the  molecular  states  of  these  sub> 

NH4Br  •  Al|Br|  solutions  in  nitrobenzene.  stances  in  the  solution  are  identical,  and  that  the 

associations  formed  are  likewise  similar.  Hence 
it  foMows  that  the  mechanism  of  electric  cunent 
passage  in  electrolytes  is  also  identicaL 


Specific  gravity  of  the  NH^Br*  Al^Br,  complex  in  nitrobenzene.  This  was  determined  under  ihe  same  con¬ 
ditions  as  for  electroconductivity.  The  specific  gravity  was  measured  by  a  pycnometer  with  tightly-ground  stopper, 
on  the  neck  of  which  were  marked  divisions  to  0.01  ml. 


Figure  4.  Corrected  molecular  electroconductivity  of  NH4Br*  AIjBtj  solution  in  nitrobenzene. 

As  can  be  seen  from  Figurr’  5,  the  specific  gravity  for  the  system  increases  with  an  increase  in  complex 
concentration  A  temperature  increase  leads  to  specific  gravity  decrease,  which  changes  linearly.  The_d^  curves 
possess  convexity  toward  the  abscissa  axis. 

Viscosity  measurements  for  a  solution  investigated  at  the  same  concentration  and  temperature 


Viscosity.  ' _ ,  _ 

were  carried  out  in  an  Ostwald  viscosimeter,  described  in  the  works  of  L  A.  Katsnelson  and  A.  B.  Bernstein  [9]. 

As  can  be  seen  from  Figure  6,  values  of  solution  viscosity  for  complex  concentrations  ranging  from  5  to 
45  ‘/j  increase  slichtlv  at  first  and  the  curve  slopes,  and  with  further  increase  in  complex  concentration  the  slope 
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Figure  5.  Specific  gravity  of  NHiBr*  Al^s  solutioni  in  nitrobenzene. 


2.0  JO  '  HO  JO  (0 

Figure  6.  Viscosity  of  NH4Br  *  Al,Br, 
solutions  in  nitrobenzene. 


SUMMARY 

1.  The  electroconductivity,  viscosity  and  specif 
gravity  for  NH4Br  •  Al^Br^  complex  in  nitrobenzene,  for.th 
concentration  range  5.00  to  60.09^,  has  been  investigated 
at  temperatures  of  20,  30,  40  and  50*. 

2.  The  specific  electroconductivity  curvet  past 
through  a  maximum,  and  the  molecular  electrocoixluct- 
ivity  values  iiKrea^  with  dilution. 


3.  When  corrected  for  viscosity,  the  maximum  < 
the  specific  elcctroconductlvity  curves  disappears,  and  tJx 
molecular  electroconductivity  develops  an  abnormal 
character.  Such  a  course  for  the  curves  confirms  the  state 
ment  postulated  by  E.  Ya.  Gorenbein  concerning  the  natui 
of  concentrated  solutions. 

4.  The  similarity  in  the  course  of  the  curvet  for 
electroconductivity,  viscosity  and  specific  gravity  for  the 
NHiBr*  AljBr,  complexes  investigated  and  for  NH4*  AljBtg 
[1]  in  nitrobenzene,  indicates  that  the  nature  of  these 
systems  is  probably  Identical  and  that  the  associations 
formed  are  similar. 

5.  The  specific  and  molecular  electroconductiv 
ties  increase  with  increase  in  temperature,  while  the  vis¬ 
cosity  decreases. 
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REFRACTOMETRIC  INVESTIGATIONS 
I.  REFRACTIVE  INDEX  ISOTHERMS  FOR  IDEAL  SYSTEMS 

3.  V.  Ioffe 


The  present  article  is  devoted  to  the  pcobleni  of  the  relation  of  refractive  index  to  the  compositioo  of  an 
ideal  system.  It  is  usually  assumed  that  for  systems  which  are  composed  of  non-interacting  and  ix>n-associaied 
components,  and  which  satisfy  the  thermodynamic  conditions  for  ideality,  the  refractive  index  wUl  be  found  to  be 
a  linear  function  of  the  composition.  However,  up  to  the  present  time  there  has  been  no  single  viewpoint  on  which 
manner  of  expressing  the  composition  might  be  considered  to  give  additive  refractive  indices  for  ideal  systems. 

In  the  first  article,  which  was  devoted  to  refractometry  as  a  method  of  physico-chemical  analysis  fll  the 
additivity  of  refractive  index  for  ideal  systems  was  utilized  as  a  function  of  composition  expressed  in  molar  onits: 

“add' "1*^1  Cl) 

(Hj  and  n|  >  the  refractive  indexes  and  N|  and  =  the  molar  units  of  first  and  second  components,  respectively). 

This  position  was  substantiated  by  experimental  data  for  the  system,  bromoform-chlorofcrm.  and  for  mix¬ 
tures  of  "isofluid"  liquids  (isomeric  xylenes,  esters  and  others)  which  were  investigated  by  O.  M.  Morguleva  Pi 
Assumption  (1)  is  accepted  by  most  authoritative  manuals  [3,4],  and  in  a  majority  of  the  works  on  the  re&tzcto- 
metric  physico-chemical  method  of  analysis  (3,6, 7,8].  However,  some  authors  [9,10,11]  consider  the  refractive 
index  for  ideal  systems  to  be  a  linear  function  of  composition  by  weight  (P)  and  not  by  molecular  umts: 

“aod'  ♦  “i**f  C2) 

Assumption  (2)  apparently  eliminates  (1),  but  neverthel-w  the  same  investigators  at  times  utHize  in  differ¬ 
ent  articles  correlation  (1)  [6,7,8]  and  conelatioa  (2)  [10,111  without  reason  for  their  selection. 

Back  in  1933  MacFarlane  and  Wright  [12]  indicated  that,  proceeding  fcom  the  physical  nature  of  tie  light  . 
refraction  phenomenon,  the  refractive  index  of  a  mixture  should  be  considered  a  function  of  compositioa  in  volu¬ 
metric  units  (V).  Using  examples  from  several  systems  (hydrocarbons  and  their  halogen  derivatives)  they  demon¬ 
strated  that  the  correlation 

“add"'  ^ 

IS  better  fulfilled  than  (1)  and  (2).  However,  the! results  of  this  work  in  physico-chemical  analysis  were  cocnplctely 
ignored.  In  1940.  M.  Usanovich  and  A.  StepanyanU  [13]  again  indicated  that  die  additive  rule  for  refractive  indices 
should  be  formulated  in  accordance  with  correlation  (3),  and  tx>t  by  (1),  but  again  these  recommendations  in  sub¬ 
sequent  articles  on  refractometry  were  not  given  attention,  perhaps  due  to  the  irudequacy  of  the  wotk  (the  authors 
quoted  data  for  only  two  systems  selected  at  random).  • 

An  explanation  of  refractive  index  isotherms  for  ideal  systems  is  of  major  importance  for  the  rcfiracto- 
metric  method  of  physico-chemical  analysis.  Unusual  points  and  extremes  in  refractive  index  isotherms  rarely  occur, 
and  the  interaction  of  components  forbinary  and  temarysystems  can  be  evaluated  by  the  sign  and  magcitu^  of  de¬ 
viations  from  additivity.  An: 

An  =  ngxp-nadd 

It  IS  quite  evident  that  the  value  and  the  sign  for  An  depend  not  only  upon  the  nature  of  the  inveifigatcd 
system,  but  also  upon  selection  of  correlation  (1).  (2)  or  (3).  for  the  calculation  of 


•After  the  manuscript  for  the  present  article  bad  been  sent  to  press.  Professor  M  A.  Trifonov  (Kazan)  brooght  to 
the  attention  of  this  author- the  fact  that  he  and  his  students  had  independently  come  to  a  conclusion  concemu^ 
additivity,  n^(V)"'  see  footnote  to  article  In  J.  Phys.  Chem.  21,  503  (1947). 

-An  vjluet,  dculated  according  to  (4).  vill  be  detignated  An{N).  An(P)  and  An{V).  re.pecUvely.  according 
tc  the  different  assumptions  (1),  (2)  and  (3). 


The  brief  review  of  literature,  as  given  above,  indicates  that  this  problem  has  no:  been  glrta^  co*- 
sideratlon. 

The  experimental  procedure  for  solving  the  problem  In  Question  conslstsof;  an  inrestlgatia®  of  mixtures 
of  non-interacting  and  ix>n-assocUting  components  A  and  B  which  differ  consideraHy  i»t  only  In  rebacttc  iadexe 
but  also  in  densities  (d),  molecular  weights  (M)  and  molar  volumes,  Le.,  corrfspondlrtg  to  the  conditun: 

nA>nj  or  (S) 

M^Mgor  .(Q 

dA^^^dg  or  <lA'^^g’ 


Maintenance  of  these  conditions  was  found  to  be  essential,  since  it  is  not  otherwise  possible  to  make  a 
well-defined  selection  between  concentration  expressions  In  molar,  weight  or  volume  units  (^).  In  a^iittlow  to  the 
above -indicated  conditions.  It  should  be  borne  in  mind  that  In  order  to  avoid  u  nfounded  conclusions  d«  »  random 
selection  of  systems,  all  cases  of  correlation  In  numerical  values  for  component  properties  should  be  vrsestigated. 
With  the  three  usual  methods  of  expressing  concentration  in  weight  (P),  volumetric  (V)  and  molar  uxiu,  the 
following  six  correlations  are  possible: 

t  .  M.'i.M,,  i  . 

a  p;>nOv,  M,>  M,. 

nt  V>P£>N,L  MtiM,.  d,«l^ 

IV.  N,>P,^V,  (it  dj>d^ 

V.  Vi>N,>P.  (1,  d,<d,, 

vi  N,>V,>P,fa,  di^-d,.  j  5^:  ^). 


For  calculation  of  An  in  physico-chemical  analysis,  this  method  should  be  used  only  for  expresnoo  of  com 
positions  where  An  Values  are  determined  by  the  behavior  of  the  components  In  the  mixture,  but  not  ky  the  correla 
tton  of  their  physical  properties.  For  selecting  a  method  of  expressing  the  composition,  it  is  necessary,  corsequentl 
to  develop  the  dependence  of  An  upon  the  correlations  1-VL  Having  available  the  experimental  data  for  all  poss¬ 
ible  cases  [I-Vl  for  conditioiu  (5-6)].  a  substantiated  selection  can  be  made  between  assumptions  (1).  (2)  and  (3). 

The  author  has  investigated  refractive  index  Isotherms  for  hydrocarbons  and  tbeir  halogen  densatiTe  mix¬ 
tures  which  conform  to  conditions  (5-6).  The  following  systems  were  investigated  for  all  possible  combmatioos  of 
components: 

mesltylene— n-pentane  (Case  I); 
carbon  tetrachloride  — 2,2,4-trimethylpentane  (Case 
bromebenzene  “”2,2.4-trlraethyl pentane  (Case  II); 
tetralln— dlchloroethane(Case  HI); 
benzene  “2,2,4-tilmethylpentane  (Case  IV); 
tetralln —carbon  tetrachloride  (Case  V); 
benzene —n-butyl  bromide  (Case  VQ. 

The  resulting  data  are  presented  in  Figures  1-7,  in  the  form  of  curves  representing  deviatiois  Som  An 
additivity  for  various  methods  of  expressing  composition.  The  numbering  for  systems  of  the  first  six  f^ires  cor¬ 
responds  to  correlations  (I-VI),  and  the  component  of  higher  is  considered  to  be  first. 

As  can  be  seen  from  the  figures,  the  smallest  deviations  in  additivity  are  observed  In  all  cases  wbere 
concentxaflon  is  expressed  in  volume  units.  The  An(V)  values  for  the  systems  examined  do  not  exceed  C.CC3, 
while  the  An(l^  and  An(N)  deviations  reach  0.02-0.03,  and  at  the  same  time  It  is  quite  obrious  that  tie  valiiC 
and  sign  of  An(P)  and  of  An^  N)  are  definitely  dependent  upon  inequalities  I-VI,  and  consequently  are  Aetenniived 
not  only  by  their  behavior  In  the  mixtures,  but  also  by  the  correlation  of  densities  and  molar  volumes  5cr  the 


Figures  l-€.  Deviations  in  refractive  indexes  from  additivity  in  relation  to  various  methods  for  expressing  concentration. 


components.  The  values  An(P)  are  positive  for  the  3,  5  and  6  systems  when 
d|<;^d|,  and  negative  at  d|^>d||. 

In  the  1,3  and  5  systems,  where  An(N)  are  positive,  and  in 


the  2.-4  and  6  systems  with  "v  ,  An(N)  values  are  negative.  Deviations 
di  d| 

from  additivity,  An(V).  in  contrast  to  An(N)  and  An(P)  are  not  connected  with 
correlations  I*VI,  but  are  dependent  upon  system  deviations  from  strict  ideality, 
which  show  up  in  volume  change  upon  mixing.  The  lack  of  dependence  of  An(V) 
upon  correlations  I-VI  is  illustrated  by  comparison  of  all  figures  given,  and  is 
shown  with  particular  clarity  in  Figure  2  and  Figure  7.  Data  are  presented  in 
these  two  Figures  for  mixtures  of  carbon  tetrachloride  and  bromobenzene  with 
2,2,4-trimethylpentane.  Both  systems  represent  Case  II  of  correlations  in  com¬ 
ponent  properties.  In  accord  with  these  facts,  curves  An(N).and  An(P)  arc 
very  similarly  laid  out;  however,  curve  An(V)  in  the  first  system  is  negative, 
and  in  the  second,  positive. 


Figure  7.  Deviations  in  re¬ 
fractive  inckxes  from  additivity 
for  the  broiTiobcnzcne-224-, 
tri  uethylpcntane  system. 


As  can  be  seen  from  Table  1,  the  sign  of  An(V)  is  determined  by  the  sign  of  the  volume  change:  if  con¬ 
traction  is  observed  in  the  system  then  An(V)]>  0:  however,  if  expansion  takes  place  An(V)<'0,  The  author  found 
no  exceptions  to  this  rule  for  non-interacting  and  non-associating  components,  either  in  his  own  investigations,  or 
upon  searching  the  literature  data. 

Rom  Table  1  and  from  what  has  been  stated  above,  it  follows  that,  generally  speaking,  the  symbols 
An(N)  and  An(P)  are  not  related  to  volume  change.  Attempts  to  assert  this  relationship  [14J  should  be  considered 
incorrect. 


It  should  not  be  thou2ht.  however,  that  deviations  from  additivity  ^(V)  are  caused  exclusively  by  volun 
changes  In  the  system.  Correlation  between  An(V)  and  volune  changes  actually  take  place  In  an  overwhelming 
majority  of  cases  for  systems  with  association  and  Interaction  of  the  componenu.  The  author  was  able,  however, 
to  find  two  examples  of  systems  with  associated  components  where  such  relation  does  not  exist.  With  mixtures  of 
toluene  and  n-propyl  alcohol  [14J,  the  contraction  Is  accompanied  by  negative  An(V)  values,  and  with  the  system 
Isobutyl  alcohol -methyl  alcohol  [15]  the  values  An(V)  are  positive  with. expansion. 

From  all  that  has  been  stated  above,  it  follows  that  assumptions  of  rectalinearity  of  ji  isotherms  as  functio 
of  molar  and  of  weight  units  arc  for  the  most  part  inaccurate.  It  is  more  accurate  to  consider  that  the  refractive 
index  for  ideal  systems  is  a  linear  functioii  of  the  volume  units  for  the  components.  It  should  be  mentioned  that 
this  statement  is  in  conformity  with  the  known  fact  of  additivity  of  molecular  refractions,  and.  In  particular.  Is 
equivalent  to  the  statement  of  molecular  or  specific  refraction  for  ideal  systems  according  to  Gladstone*Dahl. 

Additivity  of  specific  refraction,  according  to  Gladstone'-Dahl,  Is  expressed  by  the  equation: 

'  n^  (9) 

d  d|  Of 

^**”ce*  d  d  d  d 

n  *  nj7_  Pj  ♦  n,7 P,  ♦  1-  T  T  Pf 


But  in  ideal  systems  whose  components  are  mixed  without  change  in  volume. 


Consequently, 


7  **1  =  Vj.  f  Ps  *  V,  and  Vf  ♦  V*  *  1. 

df  Of 


n  =  njVj  ♦  n,Vf 


TABLE  1 

Volume  Changes  Upon  Mixing,  and  the  Signs  An(V).  An(N)  arxl  An(P) 


System 


Correlation 
of  compon¬ 
ent  proper- 


volume 

change 


An(V)  An(N)  An(P) 


Mesitylene  —  n-pentane  I  —  ♦  ♦  — 

Carbon  tetrachloride  — 2,2,4-trimethylpentane  II  ♦  —  —  — 

Bromobenzene  — 2,2,4-trimethylpentane  II  —  ♦  —  — 

Tetralin— dichloioethane  III  ♦  —  ♦  ♦ 

Benzene  — 2,2,4-trimethylpentane  IV  ♦  —  —  — 

Tetralin  —carbon  tetrachloride  V  —  •  ♦  ♦  ♦ 

Benzene  — n-butyl  bromide  VI  ♦  —  —  ♦ 

Although  it  corresponds  to  experimental  data  for  liquid  mixtures  somewhat  better  than  other  refraction 
formulas ,  the  empirical  formula  of  Gladstone-Dahl  does  not  appear  to  be  a  strict  and  universal  expression  of  the 
relation  between  refractive  index  and  the  density  of  the  substance.  Kence  it  follows  that  the  assertion  of  n(V) 
additivity  for  ideal  systems  in  like  manner  cannot  be  considered  rigorously  correct.  The  form  of  the  isotherms 
for  n(V)  systems  which  satisfy  the  thermodynamic  requirements  for  ideality  can  evidently  vary  somewhat,  depend 
ing  upon  the  optical  properties  of  the  component  molecules  which  determine  accurate  expression  of  the  refraction 
formulas  for  such  components. 

The  problem  of  importance  of  refractometric  data  and,  in  particular,  the  An(V)  values,  for  purposes  of 
physico-chemical  analysis,  requires  further  study.  In  any  event,  the  numerous  attempts  to  relate  deviatioiu  from 
additivity  An(N)  arxl  An(I^,  as  bein^  due  solely  to  the  interaction  or  dissociation  of  components  possessing  dif¬ 
ferent  molecular  volumes  and  demities.  should  be  considered  erroneous  in  the  main.  Deductions  of  old  works 
which  were  based  upon  such  interpretations  of  An(N)  and  An(P)  values,  lack  sufficient  argumentive  strength  and 
are  in  need  of  revisioit 

EXPERIMENTAL 

For  each  pair  of  components  4  mixtures  were  investigated  with  concentrations  of  about  20,  40,  60  and  8G<^ 
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TABLE  2 

Experimental  Data  for  the  Refractive  Indexes  Densities  of  the  Systems  Investigated 


Pi 

Vi 

'  N, 

"D 

An(P)- 10* 

An(V)-10^ 

An(h0-10* 

Mesitylene  — n-pentane 

■  i  ■■ 

0 

1  ^ 

’  0 

1.3574 

1  0.6259 

*  f 

» 

:  ' 

. ;  V  : . . 

0.2270 

0.1751 

Q.UT8 

1.3835 

!  0.6702 

-61 

♦  12 

'  ♦Ol 

0.3960 

1  0.3216 

0.2790 

1.4045 

0.7074 

-91 

♦  14 

♦  75 

!'r  - 

0.6222 

j  0.5435 

,  0.4930 

1.4364 

0.7618 

-94 

♦  18 

♦  90 

i.i  ‘ 

0.7973 

I  0.7398 

0.6990 

1.4638 

0.8078 

-68 

♦  13 

♦  71 

i  t 

1 

1 

1.4994 

» 

1 

0.8658 

“ 

- 

- 

J.  1  !-• 

1 

Carbon 

1 

tetrachloride 

•"2,2,4-trlmethylpentane 

\  \ 

0  . 

0 

1  ® 

1.3915 

o!6918 

•  — 

1 

0.2S81 

0.1312 

j  0.2053 

1.3999 

0.8090- 

-  94 

-  6 

;  -  58 

•  1  ' 

0.4252 

0.2431 

0.3545 

1.4073 

0.9092 

-135 

-1C 

;  -  86 

1  ■ 

0.5909 

0,3854 

0.5175 

1  4170 

1.0368 

-153 

-11 

-102 

0.8082 

0.6465 

0.7578 

1.435C 

.  1.2728 

-123 

-11 

-  88 

l.  i: 

1 

1 

1 

1.4605 

1.5937 

- 

- 

■P 

Bromobenzene  ''2,2,4-trlmethylpenune 

■  f 

0 

0 

0 

1.3915 

0.6918 

—  ■ 

-  ;1 

0.2385 

C  1263 

0.1856 

1.4127  ; 

0.7948 

-190 

•  -100 

1 

0.4383 

0.2635 

0.3620 

1.4364  1 

0.9080 

-289 

♦  5 

-160 

■;  ( 

0.6584 

0.4710 

0.5837  i 

1.4717  f 

1.0750 

-307 

♦  9 

-180 

*  V  . 

0.8505 

0.7245 

0.8054  ‘ 

1.5144  ! 

i.2792 

-202 

♦10 

-  95 

•  ■ »! 

1 

1 

1 

1.5598 

1 

1.4970 

— 

— 

i 

.  . '  } 

Tetralin  —dichloroe  thane 

t 

0 

0 

0  i 

1.4448  1 

1.2522  • 

: 

- 

— 

0.1887 

0.2306 

0.1482  1 

1.4660 

1.1848  1 

♦  27 

-14 

!  ♦  66 

0.3944 

0.4562 

0.3277  j 

1.4875 

1.1205 

♦  41 

-19 

;  ♦loe 

i 

0.6066 

0.6652 

0.5358  j 

1.5081 

1.0622 

♦  40 

-18 

;  ♦  108 

0.8163 

0.8513 

0.7689  1 

1.5273 

1.0101 

♦  26 

-  8 

1  ♦  73 

1 

1 

1 

1.5427 

0.9698  i 

— 

— 

:  ^ 

Tetralin  '-carbon  tetrachloride 


0 

0 

0 

1  1.4605 

1.5937 

— 

— 

— 

0.2045 

0.2970 

0.2302 

•  1.4872 

1  1.5059 

1.4113 

♦  99 

i  ♦23 

♦  78 

0.3969 

0.5196  • 

0.4337 

1.2726 

♦  128 

:  ♦27 

1 

♦  98 

0.6129 

■  0.7223 

0.6482 

:  1.5221  ; 

1.1451 

♦  112 

♦  22 

♦  83 

0.8270 

0.8871 

0.8475 

1  1.5343 

1.0415 

♦  58 

•  ♦  9 

♦  42 

1 

1 

1 

!  1.5427  . 

1  • 

0.9698 

— 

- 

— 

I  J  • 

Benzene  —butyl  bromide 


0 

0 

0 

1,4397 

1.2740 

- 

_ 

- 

0.1977 

0.2632 

0.3018 

1.4546 

1.1686 

♦  28 

-13 

-36 

0.4293 

0.5216 

0.5689 

1.4701 

1.0662 

♦  41 

-16 

-45 

0.6198 

0.7026 

0.7409 

1.4812 

0.9948 

♦  35 

-17 

-40 

0.8114 

0.8619 

0.8830 

1.4915 

0.9324 

♦  20 

-11 

-24 

1 

1 

1  •  1 

1.5011 

0.8788 

— 

— 

* 

The  mixtures  were  prepared  in  quantities  of  20-30  g,  and  for  the  40  and  GO*^  mixtures,  weighed  portions  of  pure 
components  (to  an  accuracy  of  1  mg)  were  taken,  while  the  20  and  SO'Jfc  mixtures  were  obtained  by  dilution  of 
the  40  and  607#  by  the  corresponding  components.  Re-evaluation  of  weight  units  to  volume  and  molar  was 
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carried  out  by  the  u$c  of  special  tables  [161 

P.-eparatloii  of  samples  of  benzene,  mesltylenc  and  2,2.4Hnmethylpcnune  was  the  same  as  used  by  the  author 
In  the  preceedlng  works  [17,  181  Technical  tettalln  was  purified  from  naphthalene  Impurity  by  picric  acid  treat¬ 
ment.  followed  by  vacuum  disUllation  on  a  column  in  vacuo  (12  theoretical  plates).  The  mala  ^tlon  with  b.p. 
93-93.5*  at  20  mm  was  used,  n-^ntane  (b.p.  35.4-35.9*  at  742  mm)  was  isolated  by  treatment  with  sulfuric  acid  and 
distillation  on  a  column  of  a  pentane  fraction  which  was  kindly  supplied  by  B.A.  Bolotov,  to  whom  the  author  ex¬ 
presses  due  acknowledgment.  Pure  inarkct  samples  of  halogen  derivatives  were  dried  and  distilled  in  a  column. 

The  refractive  index  was  measured  with  a  refractometer  of  the  Abbe  type  (Hilger  model,  year  1948),  the  scale 
of  which  was  adjusted  in  the  working  range  against  the  readings  of  a  Billingham-Stanley  precision  refraciometer.  and 
was  found  to  be  accurate  to  1-2*  10’*.  Thermostat  accuracy  was  0.05*. 

Density  was  determined  in  Regnault  and  Byron  pycnometers,  from  5  to  25  ml  in  volume^. 

The  benzene-2, 2, 4-trimethylpentane  system  was  investigated  earlier  by  the  author  [17);  experimental  data  fce 
the  remaining  six  systems  are  given  in  Table  2. 

The  author  takes  occasion  to  express  appreciation  to  Z.  L  Sergeeva  for  assistance  in  compleiion  of  the  work. 

SUMMARY 

1.  The  problem  of  substantiation  for  the  additivity  rule  of  refractive  indexes  has  been  investigated,  and  con¬ 
ditions  for  solution  of  this  problem  by  experinrental  procedure  have  been  indicated. 

2.  TTie  accepted  assumptions  of  refractive  index  additivity  as  a  function  of  the  molar  and  weight  proportioc% 
which  appear  in  a  majority  of  the  works  dealing  with  the  refractometric  method  of  physico-chemical  analysis,  are 
inaccurate.  The  isotherms  n—Nand  n“P  for  non-interacting,  non-associated  liquid  mixtures  may  have  considerable 
curvature,  depending  upon  the  relation  between  their  molar  volumes  and  densities.  The  explanation  of  the  n~tl 
and  n—P isotherm  curvature  as  being  due  to  the  interaction  or  dissociation  of  the  comtonents  is  for  the  most  part  ia- 
accurate.  Deductions  in  old  works,  which  were  founded  on  an  interpretation  of  An(N)  and  Anf^  values,  are  in  need 
of  revision. 

3.  The  statement  that  in  ideal  system  the  refractive  li>dex  as  a  function  of  the  volumetric  ptbportioru  of  the 
constituents  is  additive  is  more  correct  (though  not  completely  rigorous).  The  small  curvature  for  the  isotherms 
in  systems  approximating  ideality  is  related  to  the  volume  changes  which  occur  upon  mixing,  bat  the  volume  efeang 
cannot  be  considered  the  only  cause  of  deviation  from  additivity  An(V). 
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NEW  REDOX  INDICATORS 


IV.  DIPHENYLAMINO-4-SULFO-2-CARBOXYLK:  ACID 
V.  M.  Cherkasov 

In  the  preceding  works  [1,2,3]  certain  diphenylaminocarboxylic  acids  were  synthesized  and  tested  in  the 
capacity  cf  redox  indicators.  From  derivatives  of  these  acids  it  was  first  planned  to  investigate,  in  the  role  of 
redox  indicator,  dlphenylamlno-4-$ulfo-2'-carboxylic  acid  in  the  form  of  its  sodium  and  potassium  salts^  which 
are  described  in  the  literature.  The  sodium  salt  was  obulned  from  o-chlorbenzoic  and  sulfanllic  acids  [41  and 
the  potassium  salt  from  P'brombenzcnesulfonic  acid  and  anthranilic  acid  [51  However,  uponcepeating  the  first 
synthesis,  it  rurned  out  that  the  substance  described  is  apparently  the  sodium  salt  of  primary  sulfanllic  acid. 
Therefore,  a  special  synthesis  of  dlF4ienylamino-4-sulfo  ^^arboxyllc  acid  liad  to  be  carried  out,  during  which 
great  difficulties  were  encountered  in  connection  with  separation  of  the  free  acid.  Isolation  of  the  acid  was 
greatly  faclliuted  by  its  property  of  producing  coloration  with  dlchromate  in  acid  medium,  which  enabled 
one  to  judge  the  quantity  of  acid  present  during  various  stages  of  the  separation. 

Diphenylamino-4-sulfO'2‘carboxylic  acid  was  synthesized  by  heating  the  sodium  salts  of  o-chlorbenzoic 
acid  and  sulfanllic  acids  with  potash  in  nitrobenzene  or  isoamyl  alcohol  in  the  presence  of  copper  powder, 
during  which  there  was  simultaneously  observed  considerable  resiniflcation  of  the  reaction  mixture.  Better 
results  were  obtained  when  the  reaction  was  carried  out  in  aqueous  medium  in  a  sealed  tube. 

Dij;^eny!a4Bino*4-sulfo-2^arboxyllc  acid  failed  to  separate  as  neutral  sodium,  potassiu.m  and  barium 
salts,  since  the  corresponding  salts  of  the  initial  sulfanllic  acid  possess  the  same  solubility;  dii4ienylamlno-4- 
sulfO'2^arboxylic  acid  precipitated  along  with  sulfanllic  acid  during  precipitation  from  reaction  mixture  by 
hydrochloric  or  sulfuric  acids.  Upon  further  study  it  was  found  that  the  solubility  of  diphenylaminosulfo* 
carboxylic  acid  decreased  to  a  minimum  at  first,  with  an  increase  in  concentration  of  hydrochloric  acid,  but 
with  further  increase  in  hydrochloric  acid  concentration  the  solubility  of  diphenylaminosulfocarboxylic  acid 
increased  shaitply,  and  with  still  higher  concentrations  again  decreased,  and  sharply. 

The  first  solubility  minimum  is  explained  on  the  basis  of  "salting  out*  with  hydrogen  ion.  The  sub¬ 
sequent  increase  in  solubility  is  explained  by  salt  formation,  and  the  final  decrease  in  solubility  -by  "salting 
out"  with  chloride  ion,  Diphenyl-4-$ulfo-2^arboxylic  acid  vas  successfully  separated  from  solutions  contain¬ 
ing  the  initial  sulfanllic  acid  in  the  form  of  the  acid  barium  salt,  which  in  contrast  to  the  sulfanllic  acid  barium  • 
salt  was  found  to  be  poorly  soluble  in  water. 

The  free  acid  was  isolated  by  decomposition  of  the  acid  barium  salt  with  sulfuric  acid.  For  character¬ 
ization  of  the  diphenylaminosulfocarboxylic  acid,  its  sodium  and  barium  salts  were  obtained,  and  also  the  mono- 
methyl  ester.  In  sulfate  medium  d{phenylamino-4-sulfo-2-caiboxyllc  acid  and  its  methyl  ester  form  an  intense 
blue-violet  coloration  in  the  presence  of  dlchromate  and  cerium  sulfate.  The  coloration  is  reversibly  decolor¬ 
ized  by  addition  of  a  reducing  agent,  and  both  substances,  therefore,  can  be  used  as  redox  indicators. 

In  conclusion,  the  author  wishes  to  express sneere  appreciation  to  Prof,  A.V.  Kirsanov  for  advice  in  com¬ 
pletion  of  this  work. 

EXPERIMENTAL 

Diphenylamtno-4-sulfo-2^arboxylic  acid.  0.05  mole  (11.5  g)  of  sodium  sulfanilate,  0.05  mole  (9.5  g) 
of  o-chlorbenzoic  acid  sodium  salt,  0.1  g  of  copper  powder  and  0.6  g  of  copper  sulfate  were  heated  in  five 
sealed  glass  tubes  with  20  ml  of  water  for  15  hours  at  115-120*.  The  reaction  mixture  was  filtered  and  the  fU- 
trate  acidified  with  hydrochloric  acid  to  an  acid  reaction  with  Congo  red.  The  resulting  precipitate  was  fil¬ 
tered  off,  dried  and,  to  remove  o-chlorbenzoic  acid  it  was  treated  several  times  with  small  quantities  of  et^nir. 

The  precipitate  was  treated  3  times  with  10  ml  portions  of  water,  filtrates  combined,  and  saturated  barium 
chloride  solution  added  to  the  combined  filtrates.  The  resulting  acid  barium  salt  was  filtered  by  suction  in 
the  form  of  a  fine  crystalline  precipitate,  washed  with  water,  and  dried.  Yield  5.2  g.  or  28.8^  of  theoretical. 


0.2317  g  substance;  0.0065  g  1^0.  Found‘d:  1^0  2.80.  Ba(CuHj|0|NS)j  •  1%0.  Calculated  1^2. 
0.2008  g  substance:  0.0684  g  BaS04.  Found  Ba  18.58.  8a(Ci|H||P|NS)|.  Calculated  Ba  18.51, 

To  obtain  larger  Quantities,  the  reaction  was  carried  out  in  a  copper  autoclave  using  0.5  mole  of  original 
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Synthesis  of  free  d  iphenylamitx?-4-su]fo-2-carbcxylic  acid.  5.2  g  of  the  acid  barium  salt  was  heated  with 
10  ml  of  water  and  0,5  ml  of  concentrated  sulfuric  acid  on  a  water  bath.  The  hot  solution  was  filtered,  brought 
to  20  ml  volume,  and  7  ml  of  hydrochloric  acid,  spec.  grav.  1.19,  used  to  acidify  for  precipitation  of  the  dipheny 
aminosulfocarboxylic  acid.  Solubility  of  the  diphenylamlnosulfocarboxylic  acid  is  minimal  at  a  solution  acidity 
correspond ing  to  a  hydrochloric  acid  content  of  about  2C%.  Tlie  resulting  precipitate  was  filtered  off  with  suction, 
washed  with  20‘5i»  hydrochloric  acid  solution  and  dried  over  caustic  potash,  and  then  sulfuric  acid.  Repeated  purl 
fication  of  the  product  was  carried  out  by  dissolution  in  water  and  by  precipitation  with  concentrated  hydrochloric 
acid. 

The  product  failed  to  crystallize  from  water  because  of  the  very  high  solubility.  The  substance  dissolves 
in  alcohol  upon  heating,  and  crystallizes  well,  but  cannot  be  filtered  off  with  suction  since  it  is  of  a  consistency 
resembling  gel. 

The  diphenylamlnosulfocarboxylic  acid  resulting  from  precipitation  with  hydrochloric  acid  is  flaky,  with 
a  greenish  hue,  greasy  to  the  touch;  difficultly  soluble  in  ether  and  benzene,  decomposes  on  heating,  without 
melting. 

0. 30 66  g  substance:  0.0336  g  H|0.  0.3669  g  substance;  22.3  ml  0.1  N  KOH.  Found  1^010.83: 

M  328.8.  CuHuO^NS *211,0.  Calculated H,0  10.94;  M  329.0.  10.18  mg  substance:  0.411  ml  1^ 

(14*.  732  mm).  Found  <Jfc:  N4.62.  CuH„0,NS.  Calculated ‘Jt:  N4.77. 

Diphenylamino-4-sulfo«2*-carboxylic  acid  salts.  Neutral  barium  salt.  0.2  g  of  barium  carb;^s.ate  was 
added  to  2.13  g  of  the  acid  dissolved  in  15  ml  of  water.  The  mixture  was  heated  on  a  water  bath  and  filtered. 
After  evaporating  in  vacuo,  the  residue  yielded  colorless  needles,  readily  soluble  in  water,  poorly  soluble  in 
alcohol. 

0.2046  g  substance:  0.0164  g  H,0.  Found  1^0  7.93.  Ci,HANSBa  *  2H,0.  Calculated*^:  H,0 

7.74.  0.1655  g  subsunce:  0.0898  g  BaS04.  Found ‘/a:  Ba  31.87.  CuH,P,NSCa.  Calculated*^:  Ba  32.08. 

Acid  sodium  salt.  0.53  g  of  soda  ash  was  added  to  a  solution  of  2.93  g  of  the  acid  in  5  ml  of  water. 

The  resulting  fine,  colorless  crystals  were  filtered  off  with  suction  and  washed  with  water.  The  salt  was  poorly 
soluble  in  water,  insoluble  in  alcohol. 

0.4994  g  substance:  0.0065  g  1^0.  Found  *55,:  H,0  5.60.  CjjHioOjNSNa  •  H,0.  Calculated  *7o:  H,0 

5.40.  0.2011  g  substance:  0.0446  g  Na,S04.  Found  *5k:  Na  7.08.  CuHi,0,NSNa.  Calculated  *Jk:  Na  7.30. 

Neutral  sodium  salt.  1.06  g  of  soda  in  5  ml  of  water,  as  a  solution,  was  added  to  2.93  g  of  the  acid  dis 
solved  in  10  ml  of  water.  Apecipitate  of  acid  salt  resulted,  which  then  dissolved  completely.  The  solution  was 
evaporated  to  dryness  in  vacuo.  After  repeated  recrystallization  from  aqueous  alcohol,  colorless  crystals  resulted, 
readily  soluble  in  water,  difficultly-soluble  in  alcohol. 

0.2070  g  substance:  0.0103  g  H,0.  Found ‘i5>:  H,0  4.97.  Ci,H,OjNSNa,  *  H,0.  Calculated  *5fc:  H,0 

5.07.  0.1914  g  substance:  0.0788  g  Na,S04.  Found  *5^.:  Na  13.66.  CuHANSNa,.  Calculated  *5b: 

Na  13.32 

Mono.nethvl  ester  of  d  iphenylamino-4-5ulfo-2*-carboxylic  acid.  5.04  g  of  dimethyl  sulfate  was  added  to 
a  solution  of  1.46  g  of  diphenylamlnosulfocarboxylic  acid  in  15  m*  of  ca.-stic  soda,  the  mixture  shaken  for 
15  minutes,  and  then  acidified  with  hydrochloric  acid.  The  resulting  precipitate  was  aspirated  and  washed  with 
water.  After  recrystallization  from  aqueous  alcohol  -  colorless  crystals  resulted,  readily  soluble  in  alcohol.  The 
barium  salt  of  the  methyl  ester  was  difficultly  soluble  in  water.  The  melting  point  was  not  determined,  since 
the  above  substance  decomposed  without  melting. 

10.43  mg  substance:  0.420  ml  1^  (15*,  732  mm).  Found  *51,:  N4.51.  C|4Hi,OjNS.  Calculated  *5k:  N  4.56. 

To  test  diphenylamino-4-sulfo-2’-carboxylic  acid  as  a  redox  indicator.  O.OOIN  solutions  of  potassium 
ic  romate,  cerium  sulfate  and  0.001  M  solution  of  the  indicator  were  used.  The  total  volume  of  the  solutions 
during  testuig  was  100  ml. 


Upon  oxidation,  the  color  of  diphcnylaininosulfocarboxylic  acid  changed  from  colorless  through  yellow- 
green  to  a  pure  blue-violet. 

Determination  of  the  acidity  range  (the  1  owest  n  ormality  of  sulfuric  a  cid  in  the  solution)  at  which 
titration  is  possible.  The  dichromate  and  indicator  solutions  were  aeded  in  4  ml  portions  to  100  ml  of  sul¬ 
furic  acid  solutions  of  varying  normality.  A  suitable  color  for  titration  appeared  immediately  in  ION  sulfuric 
acid  solution.  At  lower  solution  acidity  the  color  appeared  after  a  certain  time.  Where  ceric  sulfate  was 
used,  an  Intense  color  appeared  in  2N  sulfuric  acid  solution:  however,  this  color  was  less  stable:  -fading  rap¬ 
idly  and  vanishing. 

The  smallest  quantity  of  oxidizer  and  indicator  solution  possible  in  ION  sulfuric  acid  solution  at  which 
titration  remained  possible  was  2  ml  (optimal  quantities  4  ml). 

An  increase  in  volume-  of  indicator  in  the  solution  above  a  certain  limit  did  not  Intensify  the  color, 
but  imparted  a  yellowish  shade  to  it.  If  ferrous  ions  are  present  in  the  solution,  then  a  change  in  color  of 
the  indicator,  due  to  dkhromate  excess,  occurs  at  lower  acidity  -  in  7.5 N  sulfuric  acid  solution. 

The  possibility  for  practical  application  of  diphenylaminosulfocarboxylic  acid  in  the  capacity  of  a 
redox  indicator  was  verified  by  parallel  titration  of  Mohr's  salt  solutions  along  with  titration  in  the  presence 
of  known  indicators  — dlphenylamlnosulfonic  acid  and  phenylanthranilic  acid  —  at  which  time  deviations  in 
results  were  observed.  Use  of  large  quantities  of  the  indicator  should  be  avoided  since  it  leads  to  large  indi¬ 
cator  errors.  The  latter  circumstance  does  not  permit  determination  of  the  redox  potential  for  diphenyl- 
aminosulfocarboxylic  acid. 

Properties  of  the  monomethyl  ester,  as  a  redox  indicator  are  hardly  distinguishable  from  the  prop¬ 
erties  of  diphenylaminosulfocarboxylic  acid. 

SUMMARY 

1.  Diphenylamino“4-sulfo-2*-carboxylic  acid  has  been  synthesized. 

2.  It  has  been  demonstrated  that  diphenylam!no-4-$ulfo-2*-carboxylic  acid  may  be  used  in  the  role  of  . 
redox  indicator  when  working  with  strong  oxidants. 
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CATALYTIC  THERMOPOLYMERIZATION  OF  ISOBUTYLENE 
UPON  QUARTZ  AT  LOW  PRESSURES 


A.  D.  Stcpukhovlch  and  F.  M.  Mlienkov 


_  Per  cent  prei^c  change  •  for  same  reaction  time 

8  min,  ;  10  min,  jl2  min.  *  14  min,  ^16  min,  |l8  min.  20  ir 


Tesijmn^ 


The  polymeriza- 
tion  of  isobutylene  at 
pressures  below  2  mm  of 
mercury  evidently  occurs 
on  the  walls  of  the  quartz 
^  reactor,  and  appears  to  be 

a  heterogeneous-catalytic 
^  process.  The  validity  of 

this  assumption  is  indi¬ 
cated  by  Fig  1  which 
shows  that  the  percentage 
pressure  decrease  falls  to 
zero,  at  the  same  time 

ure  Change  to  pressure  increases 

ylene  Decompo-  approximately  2  mm. 

Further  for  the  5th,  7th,  9th  ...  17th  minutes  re- 
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1.  Relation  of  Pressure  Decrease  to 
Initial  Isobutylene  Pressure  at  811*K. 
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and  at  higher  pressures  only  decomposition  takes  place,  which  is  accompanied  by  a  pressure  Increase.  As  is  known, 
normal  polymerization  is  a  homogeneous  and  bimolecular  reaction,  and  with  pressure  increase  should  increasingly 
prevail  over  decomposition,  due  to  the  fact  that  pressure  yrould  continue  to  decrease  with  further  increase  in  pri¬ 
mary  pressure. 

Meanwhile,  in  the  authors*  experlmenu.  polymerization  U  in  no  way  manifested  at  pressures  above  2  mm. 
Moreover,  if  it  is  assumed  that  under  the  authors'  experimental  conditions  a  normal  poh’inerlz  ation  takes  place, 
then  it  appears  impossible  to  explain  the  initial  pressure  change  in  that  period  of  time  wnen  the  pressure  is  below 
2  mm.  The  data  given  in  Table  1  indicate  that  the  pressure  decrease  occurs  only  within  the  first  two  minutes  of 
the  reaction,  but  after  that  the  pressure  increases  almost  linearly  with  time,  as  is  shown  in  Figs.  2  and  3.  Thus  the 
process  which  conditions  the  pressure  decrease  occurs  and  is  completed  within  the  first  two  minutes  of  reaction. 
After  that  only  isobutylene  decomposition  proceeds,  the  rate  of  which  conforms  to  a  first  order  reaction  equation. 

The  facts  which  have  been  discussed  lead  to  the  conclusion  that  at  pressures  below  2  mm,  in  the  tempera¬ 
ture  range  811-828*  K,  catalytic  polymerization  of  isobutylene  occurs  on  the  walls  of  the  quartz  reactor.  We  shall 
now  attempt  to  present  a  hypothetical  picture  of  this  phenomenon.  It  might  be  assumed  that  because  of  adsorp¬ 
tion,  the  surfaces  of  the  walls  are  covered  with  a  layer  of  Isobutylene  molecules,  in  all  probability  of  monomolecu- 
lar  layer  thickness,  upon  introducing  the  gas  into  the  evacuated  reactor.  Upon  impacts  of  Isobutylene  molecules 
with  those  sections  of  the  walls  which  are  covered  with  isobutylene  molecules,  promotion  of  molecular  polymer¬ 
ization  may  occur  due  to  heterogeneous  catalysis. 

During  the  fi.n  moments  of  time  this  process  proceeds  so  rapidly  that  the  pressure  decrease  caused  hy  it 
considerably  exceeds  the  pressure  increase  which  is  simultaneously  conditioned  by  the  occurrence  of  isobutylene 
molecular  decomposition.  The  catalytic  poly.TK:rization  phenomenon,  under  the  experimental  conditiocs  defined 
by  the  authorsemay  perhaps  take  place  at  any  initial  pressure.  However,  at  pressures  above  2  mm,  this  process  is 
completed  so  rapidly  that  the  pressure  decrease  does  not  become  evident  in  the  experiments.  At  lower  initial 
pressures  the  catalytic  polymerization  rate  is  smaller,  and  for  its  completion  requires  correspondingly  logger  time. 
As  a  first  approximation,  this  time  is  inversely  proportional  to  the  Initial  pressure.  As  the  active  parts  of  the  sur- 

face  (or  the  whole  surface)  of  the  reactor  become  covered 
^  '^ith  a  layer  of  forming  isobutylene  polymers,  catalysis  of 

•  ♦V  ■  polymerization  ceases,  decomposition  begins  to  predominate, 

w  0  — J — J and  consequently  the  increase  in  pressure  within  the  reactor 
V  .^j.  ^  will  begin. 


Figure  3.  Relation  of  Ibessure  Change  loTLne 
Dii.ing  isobutylene  Decomposition  (T  =  Sl5*K). 


2  -8-  Actually,  after  lapse  of  the  first  two  to  four  minutes. 

^  -/2  .  within  which  time  the  pressure  decrease  takes  place,  a  gradual 

increase  in  pressure  was  observed  which  was  proportional  to 
t*  reaction  time.  In  addition,  having  made  certain  assiimp- 

K  tions,  it  can  be  demonstrated  that  the  proposed  explanation  is 

in  quantitative  agreement  with  the  experimental  data.  Let 
Figure  3.  Relation  of  ftessure  Change  loTLre  catalytic  polymeri  ation  on  the 

Du.ing  isobutylene  Decomposition  (T  =  8l5*K).  i*  defined  by  the  equation 

w  =  k’x,  ’  (1) 

in  which  X  =  volume  concentration  of  isobutylene  and  =  the  polymerp. ation  rate  constant,  which  does  not  depend 
upon  the  concentration  of  »sobuiylene,  but  changes  in  the  course  of  time  up  to  zero  (or  to  a  very  Siiiall  value).  It 
will  be  considered  that  is  constant  up  to  a  certain  moment  of  time  (depending  upon  the  initial  pressure),  starting 
from  which  the  constant  assumes  a  value  of  zero.  Tins  simplification  will  permit  a  comparison  with  experi¬ 
ment.  The  K  value  can  be  calculated  from  the  number  of  isobutylene  molecular  impacts  with  the  reactor  walls, 
if  the  simplified  assumption  is  made  that  the  entire  wall  surfaces  participate  in  catalysis.  For  calculation  of  the 
K  value,  the  following  expression  was  used: 


j  kT 


/ 

in  which  S  -  square  surface  area  of  the  reactor  walls  (cm*):  E  =  activation  energy  for  the  homogeneous  isobutylene 
polymerKation  reaction:  c  =  the  gain  in  ene.rgy.  conditioned  bv  the  catalyst  action:  a=  a  stiric  factor.  Accoruing 
to  the  calculations  for  isobutylene  polymeruation  (1);  E  =  42  k cal./ mole,  andji^  =  7”  IC  *. 

Using  the  radius  value  for  the  spherical  reactor  (r  =  4  cm),  and  assuming  that  E  =  10  kci./  mole,  a  = 
value  of  0.00043  was  obtained  at  811*K. 
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If  Kj  =  the  inoiiomolecular  isobutylene  decompositioa  constant,  then  the  concentration  change  resulting 
ftoni)  the  two  eonipeting  nrocessei  per  unit  of  time  is  equal  to  AX  =  (K*-K|)Xi.  and  for  a  time  interval  of  At 
respiBCtively  AX'  At  =  (K^”  l^)XAt.  Here  an  assumption  will  be  made  concerning  the  constancy  of  up  to  a 
cerT3jn  moment  in  time.  The  percentage  pressure  decrease  for  At  time  can  be  calculated,  which  is  equal  to 

-  ;^,.ioo=  .  100 .  .  ,00.  ,3, 

P  P  P  .  ' 


AppaKQtly  if  the  pressure  change  becomes  negative  by  the  use  of  (3).  then  this  indicates  that  at  this 
tnoiir’-cnt  in  tijae  an  increase  in  pressure  will  result,  instead  of  a  pressure  decrease,  and  that  decomposition  will 
prcdmminate  ever  poiymerfeation. 


TASIE  2 


TK. 

?,(rar.))  • 

reaction 

pressure  decrease  (^) 

time 
(in  min.) 

calculated 

experimental 

811 

1.68 

2 

3.18 

2.55 

811! 

1.29 

2 

4.3S 

4.13 

8111 

0.63 

6 

14.30 

18.46 

811 

0.44 

6 

14.66 

20.85 

823 

1.08 

2 

6.93 

8.10 

828- 

0.94 

2  • 

6.80 

6.00 

A  comparison  is  given  in  Table  2  of  the 
calculated  and  of  the  experimental  pressure 
drops  at  an  initial  pressure  below  2  mm  of 
mercury.  At  the  moment  in  time,  2,  starting 
from  which,  according  to  the  assumption  mad^ 
K^can  be  considered  equal  to  zero,  the  authors 
selected  this  moment  of  time,  experimentally, 
as  that  moment  at  which  the  pressure  decrease 
is  replaced  by  an  increase.  Using  Kj,  calculated 
values  for  constants  at  corresponding  isobutylene 
pressures  were  taken  as  (811*  K  and  P|  =  1.68): 
Kicalc.  =  3.76-  lO"*;  p,  =  1.29;  K,calc.  =  6-8'^^ 
10"*  and  so  forti.  (828*K  and  P|  =  1.08):  Kj  * 
0.87. 10*tp,  =  0.94,  Ki  =  0.77-  lO"^. 


SUMMARY 


1.  In  tfl*  pressure  region  below  2  mm,  at  a  temperature  between  811-828*K,  a  catalytic  iherinopolymerfea- 
tion  oif  isobuty&sne  occurs  on  the  quartz  walls,  which  predominates  over  decomposition  in  this  range. 

2.  A  Sgpothctical  mechanism  for  catalytic  thermopolymerxzation  of  Isobutylene  for  pressures  below  2  mm 
has  bisen  given,  which  agrees  satisfactorily  with  the  facts. 
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SULFOCHLO  RINAT  ION 

I  THERMAL  DECOMPOSITION  OF  ALKANESULFONIC  ACID  CHLORANHYDRIDES  AS  A  METHOD 
FOR  DETERMINATION  OF  POSITION  OF  THE  SULFO  GROUP 

A.  P.  Terentyev  and  A.  I.  Genhenovich 


Within  the  part  fe^  yean  the  method  of  introducing  the  sulfonic  acid  group  Into  paraffins  and  cyclopara* 
ffins  by  the  action  of  sulfur  dioxide  and  chlorine  with  exposure  to  short  wave-length  light  has  gained  wide  ap¬ 
plication  both  in  the  laboratory  and  in  industrial  practice.  During  this  reaction  a  mixture  of  the  chloranhydridea 
of  the  morx)-  and  disulfonic  acids  results,  which  is  why  it  is  frequently  called  a  sulfochlorination  reaction  [1]. 

Determination  of  the  place  of  entry  of  the  saifo  group  offers  considerable  difficulty  since  the  aliphatic  sul¬ 
fonic  acds  have  received  but  little  study  up  to  the  present  time;  moreover,  the  sulfochlorides  themselves  are  quite 
unstable,  and  distill  without  decomposition  only  in  vacuo  (n-octanesulfonylchloride,  and  larger  molecules  distill 
with  decomposition  even  in  vacuo).  It  is  known  that  fl)  upon  distillation  without  vacuum  a  sulfonyl  chloride  de¬ 
composes  readily  to  form  sulfur  dioxide  and  hydrogen  chloride  and  also  to  form  chlorides  and  olefins.  However, 
up  to  the  present  time  no  systematic  study  of  this  reaction  has  been  carried  out. 

The  authors*  experiments  cited  below,  for  decomposition  of  several  mono-  and  dichloranhydrides,  have 
shown  that  in  all  cases  chlorine  enters  only  that  position  which  is  occupied  by  the  sulfo  group  in  the  initial  com¬ 
pound. 

The  following  sulfochlorides  were  investigated: 

1)  CHjCH|CH|Cl%SO^Cl  “chloranhydride  of  butanesulfonic-l-acid; 

2)  (CH3)jCHSO^C1  “chloranhydride  of  propanesu!foni(;.*2-acid: 

3)  (CHs)jCHCHSP|Cl— chloranhydrideof  2-niethylpropane'sulfOnic  acid; 

4)  C*HjCi^CI%SO|Cl —chloranhydride  of  ethylbenzo$ulfonic-l*-acid; 

5)  Ci^SOjCl)CH|C  H|CHjSO|Cl  — dichloranhydride  of  butanedisulfonic-l,4-acid; 

6)  Ci^(SOjCl)CHCH(SO^Cl)CHj“*dichloranhydride  of  butanedisulfonic-l,3-acid. 

The  monochloranhydrides  were  synthesized  from  the  corresponding  chlorides  by  conversion  to  the  rhodan- 
Ides,  with  subsequent  treatment  of  the  latter  by  chlorine.  The  chloranhydrides  were  characterized  by  the  melting 
points  of  their  amides.  The  dichloranhydrides  were  synthesized  by  sulfochlorination  of  the  chloranhydrides  of 
butane-sulfonic-l-acid  with  exposure  to  a  mercury  lamp.  From  the  resulting  mixture  two  isomers  were  isolated, 
and  their  melting  points  determined.  It  should  be  mentioned  that  according  to  the  literature  data  [2],  the  fatty 
chloranhydrides  give  very  low  yields  of  amides  (25-30^)  upon  treatment  with  gaseous  ammonia.  For  this  purpose 
the  authors  recommend  amidation  by  the  use  of  liquid  ammonia  [3].  By  this  metho<i  in  the  authors’  experiments, 
high  amide  yields  (up  to  9(>5c)  invariably  resulted. 

Decomposition  of  sulfochlorides  begins  above  100*;  however,  the  rate  is  negligible  up  to  150-160*.  The 
authors  carried  the  reaction  out  in  an  oil  bath  of  200-220*  temperature.  Reaction  was  complete  within  1,5-2  hours. 
The  reaction  flask  was  equipped  with  a  reflux  condenser  filled  with  hot  water  of  such  temperature  that  the  highly 
volatile  chloride  formed  could  be  distilled.  In  this  manner  the  chloride  yields  were  considerably  Increased  (up  to 
"5-85*70).  For  the  dichloranhydrides,  the  reflux  condenser  was  replaced  by  a  fractionating  column.  The  chlorides 
isolated  from  the  reaction  boiled  within  narrow  ranges.  They  were  identified  by  their  boiling  points  and  specific 
gravities. 

In  addition,  each  of  the  resulting  chlorides  was  then  converted  into  the  rhodanide,  the  chloranhydride,  and 
the  corresponding  sulfonamide.  The  latter,  by  mixed  melting  point  tests,  were  identified  as  the  chloranhydrides 
obtained  by  decomposition.  It  was  thus  proved  with  certainty  that  an  exchange  of  .the  SP|C1  group  for  the  chlorine 
atom  occurs  at  the  same  position  on  the  carbon  chain  without  isomerization. 

The  transformation  reaction  studied  by  the  authors  may  be  of  considerable  aid  in  determining  the  structure 
of  fany  sulfonic  acids.  The  latter  have  been  but  linle  studied  up  to  the  present  time;  however,  the  chlorides  ar-; 
known  for  a  great  number  of  various  representatives,  with  well-defined  constants,  and  can  be  further  characterized 
by  conversion  into  compounds  of  other  classes. 


EXPERIMENTAL 


Synthesis  of  Sulfonylchlofidet 

The  Chloranhydrtde  of  Propanesulfonic-g-acld.  230  g  (2.34  moles)  of  pousslum  rhod&nide  was  added  to  150 1 
(1.9  moles)  of  2-chlor^pane  (dj*  0.8588;  b.p.  36^  which  was  dissolved  In  600  ml  of  ethyl  alcohol.  The  mix¬ 
ture  boiled  with  reflux  for  40  hours  on  a  water  bath.  The  reaction  mixture  was  diluted  with  water.  The  rhodanide 
was  extracted  with  ether.  The  ether  extract  was  washed  with  water  and  dried  with  calcium  chloride.  Aft« 
removal  of  ether,  the  2-rhodanepropane  was  distilled:  b.p.  148-150*  (745  mm).  160  g  resulted  (yield  83.3^: 

0.9784. 

155  g  of  2'thodanepropane  and  1.5  liters  of  water  were  Introduced  into  a  three-necked,  three-liter  flask, 
equipped  with  stirrer,  bubbler  for  chlorine,  and  a  tlwrmpmeier.  With  a  continuously  operating  stirrer,  chlorine  was 
let  in  at  such  a  rate  that  the  reaction  mixture  tem’^ratu.'e  did  not  exceed  20*.  Reaction  continued  until  the  re¬ 
action  mass  turned  yellow  from  chlorine  excess.  After  completion  of  reaction,  chlorine  was  removed  by  a  stream 
of  nitrogen.  The  resulting  chloranhydride  (a  heavy  oil  of  sharp  odor)  was  extracted  with  ether,  and  dried  with 
calcium  chloride.  The  chloranhydride  was  redistilled  in  vacuo  (yield  83.2^).  B.p.  71-73*  (13  mm).  (According 
to  DUge  (41  b.p.  79*  ati8  mm;  dj*  1.1645. 

Found  ‘Jt:  Cl  24.81,  24.89.  Calculated  <5b:  Cl  24.91. 

The  Amide  of  Propanesulfonic  -2-acld.  Thu  was  obtained  in  the  following  manner;  10.2  g  (0.072  nwle)  of 
the  chloranhydride  was  dissolved  in  50  ml  of  ether,  cooled  to  ""40*  with  alcohol-dry  ice  mixture,  and  then  added 
gradually  to  liquid  ammonia  (11  g)  which  was  cooled  to  the  same  temperature,  and  jdaced  in  a  Dewar  flask.  The 
mixture  was  left  for  8-10  hours  at  normal  temperature,  and  was  then  heated  on  a  water  bath  to  remove  ammonia. 
The  solution  was  separated  from  ammonium  chloride  by  filtration  and  diluted  with  petroleum  ether.  The  resulting 
amide  was  recrystallized  from  ether  and  petroleum  ether  mixture.  8.02  g  resulted  (yield  91.2^).  White  flakes, 
m.p.  66*  (according  to  D'uge  (4),  m.p.  60^. 

Found  8  25.97,  25.93.  C,H/^NS.  Calculated  S  26  01. 

The  Chloranhydride  of  Butanesulfonlc-1-acid.  377  g  (3.88  moles)  of  potassium  rhodanide  was  added  to  a 
solution  of  300  g  (3,24  moles)  of  l-chlorbutane  in  1200  ml  of  ethyl  alcohol.  The  mixture  was  boiled  on  reflux  for 
60  hours.  Processing  of  the  mixture  was  carried  out  as  above.  281.9  g  (75.8)  of  l-rhodanebutane  resulted.  B.p. 
182-183*. 

Conversion  of  the  rhodanide  into  chloranhydride  was  carried  out  as  described  for  2'fhodane propane  above. 
330.6  g  (90^  of  theoretical)  of  the  chloranhydride  of  butanesulfonic-l-acid  resulted  from  270  g  of  rhodanebutane. 
B.p.  75-76*  (7  mm);  d”  1.2078.  (According  to  Duge  (41  b.p.  96-97*  at  18  mm). 

Found  Cl  22  63.  22.67.  C4H^C1S.  Calculated  Cl  22.68. 

The  Amide  of  Butanesulfonlc-l-acld.  This  was  prepared,  as  described  above  for  the  amide  of  propanesul- 
fonic-2-acid,  from  8.5  g  of  the  chloranhvdride  of  butanesulfonic-l-acid.  There  was  obtained  6.13  g  (82.4'5!»  of 
theoretical)  of  the  amide.  After  recrystallization  from  a  mixture  of  ethyl  and  petroleum  ethers  —  white  flakes  with 
m.p.  44-44.5*  (according  to  Dii'ge  (4),  ra.p.  =  45*). 

Found 23.32,23.29.  C^HnO^NS.  Calculated ‘Jfc:  S  23.35. 

The  Chloranhydride  of  2-M£thylpropanesulfonic-l-acid.  133.4  g  of  potassium  rhodanide  was  added  to  a 
solution  of  200  g  (1 46  moles)  of  isobutyl  bromide  in  600  ml  of  ethyl  alcohol.  The  mixture  was  boiled  with  a 
reflux  for  16  hour*  on  a  water  bath.  The  reaction  mass  was  processed ‘as  before.  123.2  g  of  l-rhodane-2 -methyl- 
propane  resulted  (73  2<7a  yield.  B.p.  57-58.5*,  8  mm). 

The  chloranhydride  of  2-methylpropane$ulfonic-l-acld  was  obtained  from  the  rhodanide  by  the  action  of 
chlorme,  as  indicated  above.  From  115.0  g  of  rhodanide,  132.0  g(84.0<Sbof  theoretical)  sulfonyl  chloride  resulted. 
B.p.  77-78*  (11  mm):  dj*  1.2014  (according  to  Dii'ge  (4),  79.5-80*  at  13  mm). 

Found  Cl  22.52,  22.57.  C4H/!^CIS.  Calculated  <3b:  Cl  22.68. 

Since  the  amide  of  2-methylpropanesulfonic-l-acid  is  a  liquid  at  normal  conditions  (according  to  Duge  (4), 
b.p.  =  14-16*),  for  identification,  therefore,  the  authors  used  the  crystalline  cyclohexylamide.  3.0  g  of  sulfonyl 
^loride  was  dissolved  in  20  ml  of  ether,  and  8.2  g  of  cyclohexylamide  was  added  to  the  solution.  The  mixture  was 
^iled  for  6  hours  on  a  water  bath  with  a  reflux  condenser.  The  precipitated  hydrochloride  of  cyclohexylamlne  was 
iltered  off.  After  washing  with  dilute  hydrochloric  acid,  the  residue  after  evaporation  of  the  ether  was  recrystal- 
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lized  from  methyl  alcohoL  2,81  g  of  white  needle  crysuU  resulted,  with  m.p.  56-67*. 

Found‘d:  S  14.31,  14.39.  Ci*HuP,NS.  Calculated  S  14.66. 

The  Chloranhydride  of  Ethyll^nzenesulfonic-l**acid.  26.10  g  (0.27  mole)  of  jwtassium  rhodanide  was  added 
to  a  solution  of  25  g  (0.18  mole)  of  l*-chloreihyl  benzene  in  150  ml  of  ethyl  alcohol.  The  mixture  was  boiled  on 
a  water  bath  under  reflux  for  40  hours.  Processing  of  the  reaction  mixture  was  carried  out  as  before. 

19.26  g  (66,4^  of  theoretical)  of  the  1*  rhodaneeihylbenzene  resulted.  B.p,  116-118*  (3  mm):  dj*  1.2158. 

Found‘d:  8  19.58,  19.54.  C,H,NS.  Calculated  8  19,63. 

Conversion  of  the  rhodanide  into  the  sulfonylchloride  was  carried  out  with  the  chlorine  treatment  as  described 
above.  The  viscous  liquid  resulting  from  the  reaction  was  extracted  with  ether.  The  extraction  was  washed  with 
water  and  dried  with  calcium  chloride.  After  evaporation  of  the  ether,  the  residue  partially  crystallized  on  standing. 
The  pressed-out  crystals  were  recrystallized  from  benzene  and  petroleum  ether  mixture.  From  16.34  g  of  rhodane* 
ethylbenzene,  10.45  g  (51.10^)  of  long,  colorless  (lakes,  with  m.p.  81-82‘,  resulted. 

Found  ojo:  Cl  17.29,  17.32;  S  15.52,  15.56  .  C,H^C1S,  Calculated  Cl  17.35;  S  15.64. 

The  amide  was  obtained  as  above.  From  1.2  g  of  sulfonyl  chloride  0.72  g  (66.3‘5fc)  of  the  amide  resulted. 

After  recrystallization  from  hot  water  -  »hite,  fine  needle  crystals  with  m.p.  129-129,5*. 

Found  8  17.24,17.18.  CiHiiO^NS.  Calculated  <Jfc:  8  17.29. 

The  Dichloranhydridcs  of  Butangdisulfonic-1.4-and  Butanedisulfonic-1.3-acids.  126.0  g  of  the  chloranhydride 
of  butanesulfonic-l-acid  was  placed  in  a  three -necked  flask  equipped  with  stirrer,  bubbler  and  thermometer,  and  was 
treated  for  10  hours  with  a  mixture  of  gaseous  chlorine  and  sulfur  dioxide,  with  exposure  to  a  mercury  lamp  8VD 
Sh-250.  Chlorine  was  introduced  at  the  rate  of  0.8  ml./tec.,  the  sulfur  dioxide  -  1.3  ml/sec.  At  first  the  reaction 
mass  became  green-colored,  but  decolorb.ed  after  20  minutes  and  remained  so  to  the  end  of  the  reaction.  The 
temperature  rose  fro.-n  20  to  40*  and  was  maintained  unchanged  up  to  the  end  of  the  gas  introduction.  After  10 
hours  introduction  of  gas  was  complete,  and  the  excess  gases  were  removed  by  a  stream  of  nitrogen.  173.0  g  of 
colorless  oil  resulted.  The  reaction  product  was  fractionally  distilled  in  vacuo.  119.4  g  distilled  at  60-80*  (8mm). 

The  residue  in  the  flask  amounted  ^o  50  3  g.  The  residue,  which  solidified  to  a  brown  crystalline  mass,  was  dis> 
solved  in  100  ml  of  benzene,  and  was  boiled  with  activated  charcoal  under  reflux  to  decolorize.  During  precipita* 
tio.:  of  the  filtrate  with  carbon  tetrachloride,  crystals  resulted  which  were  then  recrystallized  from  benzene  and 
petroleum  ether  mixture,  41.2  g  of  white  needles  with  m  p.  82.5-83*  resulted.  From  its  melting  point,  the  result¬ 
ing  substance  corresponded  to  the  dichloranhydride  of  butanedisulfonic-1, 4-acid  (according  to  Asinger  (7),  m.p.  =  83.5*.) 

Found  <3t:  01  27.76,  27.71.  C4H,04C1,S,.  Calculated ‘jfc:  Cl  27.84. 

200  ml  of  petroleum  ether  was  added  to  the  filtrate  from  the  preceding  operation.  The  precipitated  crystals 
were  filtered  off  and  recrystallized  from  benzene  and  petroleum  ether.  6.3  g  of  white  neeales  with  m.p.  40-41* 
resulted.  From  its  melting  point,  the  substance  conesponded  to  the  dichloranhydride  of  buianedisulfonic-1 ,3-acid 
(according  to  Asinger  [7],  m.p.  =  41*.) 

Found  <5;):  01  27.68,  27.71.  C4H,0*CljS.  Cl  27.84. 

Thermal  Decomposition  of  the  Chloranhydrides  of  Sulfonic  Acids. 

The  authors  used  the  following  apparatus  for  decomposition  of  the  monosulfonyl  chlorides.  The  reaction  flask 
was  connected  by  a  ground  connection  to  a  vertial  condenser  filled  with  hot  water  in  such  a  manner  that  the  chloride 
vapors  forming  during  the  reaction  passed  on  through  the  condenser.  The  gases  and  vapors  formed  entered  into  a  de¬ 
scending  condenser.  The  condensate  was  collected  in  a  receiver  and  trap  placed  in  a  Dewar  flask  filled  with  water 
and  ice.  In  experiments  with  the  dichloranhydridcs  and  chloranhydrides  of  ethylbenzenesulfonic  acid,  the  vertical 
condenser  was  replaced  by  a  fractionating  column  20  cm  in  length  wrapped  with  two  layers  of  asbestos. 

The  Chloranhydride  of  Propanesulfonic-2-acid  20  ml  (25.28  g)  of  the  chloranhydride  of  propanesulfonic-2-  ^ 
acid  was  charged  into  the  reaction  flask.  The  decoinposition  was  carried  out  at  an  oil  bath  temperature  of  200-220*. 
Reaction  was  complete  after  1.5  hours.  The  combined  condensate  from  receiver  and  trap  was  subsequently  washed 
with  2%  soda  solution  and  water.  After  drying  with  calcium  chlotide,  10.5  g  of  the  chloride  resulted  (yield  73.4*^  of 
theoretical).  B.p.  36-37*:  dj®  0.8565  (according  to  Leca  (5]  the  b.p.  =  36.25*  at  760  mm). 

Found  <%-.  Cl  45.16,  45.15.  C,H,C1.  Calculated  Cl  45.22. 
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For  confirmation  of  the  structure  of  the  obtained  chloride.  It  was  subsequenUy  converted  Into  the  rhodanide. 
the  sulfonyl  chloride,  and  the  sulfonamide.  The  laner  was  found  to  be  identical  witn  the  amide  of  propanesulfonlc 
2-acid:  m.p.  65-66*,  and  with  no  melting  point  depression  fof  the  mixture. 

The  Chloranhydride  of  Dutanesulfonlc-l-acid.  Decomposition  of  the  chloranhydrlde  and  treatment  of  the 
obtained  chloride  wee  carried  out  similarly  to  that  described  above  for  the  chloranhydride  of  propanesulfonlc •2-acid 
12.43  g  of  the  chloride  (yield  87.9^  of  theoretical)  was  obtained  from  20  ml  (24.16  g)  of  the  chloranhydride  of 
butanesulfonic- 1  -acid.  B.p.  was  77-78’;  dj*  0.8892  (according  to  Uca  (5),  b.p.  *  78.05*  at  760  mm). 

Found  %  Cl  38.28.  38.29.  C4H^1.  Calculated  Cl  38.37. 

For  confirmation  of  the  structure,  the  chloride  obtained  was  converted  to  the  amide  of  butanesulfonic  acid 
with  m.p.  44-45*. 

A  sample  of  the  obtained  amide  when  mixed  with  the  amide  from  initial  chloranhydride  of  butanesulfonic 
acid  did  not  show  depression  in  the  melting  point. 

Chloranhydrideof  2-methyl  propanesulfonlc -1-acid  Decorn  posit  ion  of  the  sulfonyl  chloride  and  treatment  of 
the  obtained  chloride  was  carried  out  in  a  manner  similar  to  the  preceding  cases.  5.95  g  of  chloride  resulted  (yield 
79.63i55»of  theoretical)  from  12.7  g  of  the  chloranhydride  of  2-methylpropanesulfonlc-l-acld.  B.p.  was  68-69*,  d*4* 
0.8800  (according  to  Linnemann.  b.p.  •  68.5*). 

Found  <Jk:  Cl  38.34.  38.25.  C4H,C1.  Calculated  Cl  38.37. 

For  confirmation  of  the  structure  of  the  obtained  chloride,  it  was  converted  into  the  sulfonyl  chloride  atxl 
then  into  the  cyclohexylamide.  After  recrystallization  from  methyl  alcohol,  it  was  in  the  form  of  fine  needles, 
m.p.  56-57*.  Melting  test  for  the  mixture  also  confirmed  the  identity  with  cyclohexylamide  of  2-methylpropane- 
sulfonic  acid. 

Dichloranhydridg'of  butanediulfc>i»c-l. 4-acid.  Decomposition  was  carried  out  at  an  oil  bath  temperature  of 
200-221*.  The  chloride  formed  was  subsequently  washed  with  sulfuric  acid  (d.  1.84)  and  water.  From  5.02  gof  di- 
sulfonylchloride,  1.98  g  of  the  chloride  resulted  (yield  79.1*^  of  theoretical).  M.p.  155-156*  (according  to  Slvolobot 
d^*  1.1639. 

Found  ojo^.  Cl  55.80,  55.89.  C4H^1,.  Calculated  Cl  55.90. 

For  the  determination  of  structure,  1  g  of  the  obtained  dlcblotide  was  dissolved  in  20  ml  of  alcohol,  and 
3  g  of  potassium  rhodanide  was  added  to  the  solution.  The  mixture  was  boiled  on  reflux  for  40  hours  on  a  water 
bath.  After  dilution  of  the  mixture  with  water,  the  dirhodanide  was  extracted  with  ether,  and  after  removal  of 
the  ether  and  alcohol  traces  on  a  water  bath,  the  residue  was  suspended  in  20  ml  of  water  and  treated  with  chlorine 
as  described  above.  The  chloranhydride  precipitated  during  the  reaction  In  the  form  of  white  flakes.  Ftom  the 
melting  point  (81-82*)  and  by  absence  of  depression,  the  identity  with  the  chloranhydride  of  butanesulfonic-l,4-acid 
was  established. 

Tlie  Dichloranhydride  of  Butaredisulfonic-1.3-acid.  Decomposition  of  the  dichloranhydride  and  treatment  of 
the  dichloranhydride  was  carried  out  similarly  to  that  described  above  for  the  l,4'isomer.l.l5  g  of  the  dichlorlde 
resulted  (yield  72.5^e)  (rom  3.2  g  of  the  dichloranhydride  of  butanedisulfonic-1, 3-acid.  B.p  130-132*  (according  to 
Sivolobov),  d**L0849. 

Found Cl  55.74,  55.62.  C4H,Cl,.  Calculated  <5fc:  Cl  55.90. 

For  determination  of  structure,  0.5  g  of  the  obtained  dichloride  was  converted  into  the  disulfonylchioride  in 
the  same  manner  as  with  the  preceding  case.  An  oil  resulted,  which  crystallized  upon  standing.  Upon  recrystalliza- 
tion  from  benzene  and  petroleum  ether  mixture,  white  needles  resulted  with  a  m.p.  of  42-43*.  The  sample  of  the 
obtained  dichloranhydride,  mixed  with  initial  dichloranhydride  of  butanesulfonic-1, 3-acid  did  not  show  depression. 

The  Chloranhydride  of  Ethylbenzenesulfonic-l*-acid.  Decomposition  of  the  chloranhydride  was  carried  out 
in  a  manner  similar  to  tha»  described  above  for  the  dichloranhydrides  of  butanesulfonic  acids.  The  chloride  result¬ 
ing  upon  decomposition  was  subsequently  washed  with  sulfuric  acid  (d.  1.84)  and  then  with  water  and  dried  with 
calcium  chloride.  2.92  g  of  chloride  resulted  (59.4‘^  of  theoretical)  from  7.15  g  of  the  chloranhydride. 

Found  o}o:  Cl  24.88,  24.96.  CjH/:!.  Calculated  O  25.56. 

For  structure  determination  the  obtained  chloride  was  subsequently  converted  into  the  rhodanide  and  sulfonyl 
chloride,  in  a  manner  as  above.  0.48  g  of  sulfonyl  chloride  resulted  from  2.1  g  of  the  chloride.  The  former,  after 
recrystallization  from  petroleum  ether,  had  a  m.p.  of  81-82*.  A  test  of  the  obulned  chloranhydride  when  mixed 
with  the  initial  chloranhydride  did  not  show  depression. 

212 


SUMMARY 


L.  It  hai  been  demonstrated  that  chlorides  result  from  the  thermal  decomposition  of  paraffinic  sulfonyl- 
chlorides  (with  yield  75-84^),  Wherein  halogen  takes  the  place  of  the  sulfonyl  group.  The  following  were  taken 
as  objects  for  investigation:  the  chloranhydrides  of  propanesulfonic*2-acid,  butane$ulfonic>l>acid,  2-methylpropane- 
sulfonic-l*acid,  ethylbetuenesulfonic'l*>acid  and  dichloranhydrides  of  butanesulfonic-l,4>  and  butanesulfonic>l,3* 
acids. 

2.  It  has  been  recommended  that  the  fatty  sulfonyl  chlorides  be  converted  into  the  corresponding  amides 
by  treatment  of  ether  solutions  of  the  chloranhydrides  with  liquid  ammonia.  Amides  are  obtained  with  yields 
90^  of  theoretical. 
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SULFOCHLORINATION 
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^  IL  ORIENTING  EFFECT  OF  THE  SP|C1  AND  Cl  GROUPS  DURING  PHOTOCHEMICAL  SULFOCHLORINATION 

A.  P.  Terentyev  and  A.  I.  Gerthenovich  -  > 


In  a  preceding  article  by  the  authors  [1],  a  brief  review  of  contemporary  met^nod:  for  derivatkxi  of  alkane* 
sulfonyl  chlorides,  along  with  proposed  methods  for  the  identiftcatson  and  determinaroon  of  sulfocyl  groop  positions, 
was  given.  The  latter  consists  of  converting  the  sulfonyl  chlorides  into  chlorides  by  hieat.  at  such  time,  chlorine 
replaces  the  sulfonyl  group.  In  the  present  article  the  authors  have  undertaken  the  teik  of  clarifying  certain  prob¬ 
lems  related  to  the  photochemical  sulfochlorination  process.  Up  to  the  i^esent  time,^  ^e  theory  on  th'.s  process  hat 
received  but  little  study.  As  is  known,  paraffinic  hydrocarbons,  when  reacted  with  a  muxture  of  sulfur  cboxide  and 
chlorine,  with  exposure  to  light  of  short  wave  length,  convert  into  the  chloranhydrides^f  the  sulfonic  acids  with 
good  yields:  at  the  same  time,  direct  chlorination  also  proceeds.  In  the  first  case  it  is  obviously  quite  cuportant. 
to  know  what  influence  chlorine,  entering  into  the  hydrocarbon  molecule,  has  upon  uicnxiuction  of  the  SOsCl  group, 
and  on  the  other  hand,  how  tlie  presence  of  the  SO{|Cl  group  affects  entry  of  chlorine,  za  of  the  second  S(\C1  group, 
into  the  molecule. 

For  elucidation  of  the  first  problem,  the  authors  sulfochlonoated  l-chlorbutane.  Tt^re  lesulted  from  the 
sulfochlorination  a  mixture  of  the  chloranhydrides  of  chlorbutanesolfonic  acids,  front  which  it  was  diffrciOt  to  isolate 
the  individual  isomers.  To  separate  and  to  identify  the  resulting  tsomers,  a  method  cs  thermal  decompcsition  was 
investigated  by  the  authors,  and  used.  A  mixture  of  butane  dichlorides  was  obtained,  whicb  was  con¬ 

verted  into  a  mixture  of  disulfonychlorides  (via  the  rhodanides),  which  was  then  sepacated  by  crystaIliz.£tioii.  There 
was  isolated  from  14.17  g  of  butanedisulfonylchloride  mixture  3.45  g  of  the  1.4-lsome5  and  10.38  gof  ^  1,3- 
isomer,  which  were  identified  by  their  melting  points.  The  first  oce  had  a  m.p.  of  8S-S4*,  the  second  4c»-41*.  Iso¬ 
mers  1,1-  and  1,2*  were  not  found  in  r  oticcable  quantities.  Thus  u  is  important  to  recognize  that  duntisthe 
photochemical  chlorination  of  chlorides,  the  entering  SP|C1  group  u  replaced  by  chlianne. 

To  investigate  the  effect  of  an  SP|C1  group  upon  entry  of  a  second  Sp|Cl.gccmp  into  the  molectsile.  the 
chloranhydrides  of  butanesulfonic-1  and  propanesulfontc-2  acids  were  photocbemicaUy  sulfochlorinated.  The 
sulfochlorides  resulted  from  the  corresponding  chlorides  by  conversion  to  the  rlxidamdes,  with  szibsequene  treatment 
of  the  latter  by  chlorine  [2].  The  chloranhydride  of  butanesulfonic-1 -acid  gave'twodachloraiihydrides:  butanedl- 
sulfonic-1,4  and  butancdisulfonic-1,3  acids.  The  chloranhydride  of  propanesulfonic-a  acid  did  not  react  with  a 
mixture  of  chlorine  and  sulfur  dioxide  during  six  hours,  with  exposcre  to  a  mercury  Lamp.  Thus,  as  wit&i  the  chlorine 
atom,  the  SOjCl  group  also  inhibit  entry  of  a  new  SOjCl  group  into  positions  1,1  and  1,2. 

During  the  sulfochlorination  of  butanesulfonic-1  acid  chloranhydride,  there  was  separated,  along  with  the 
dichloranhydrides.  at  this  time,  only  two  isomers:  the  chloranhydrides  of  l-cnlorbutaiiiesulfonic-4  and  2-chlorbutane' 
sulfonic-4  acid,  i.e.,  the  presence  of  the  SO|Cl  group  inhibits  entry  of  the  chlorine  annm  at  ihe  two  carbon  atoms 
nearest  the  SOjCl  group.  This  deduction  was  also  confirmed  durir^  the  photochemical  chlorination  of  burtanesul- 
fonic-1  acid  chloranhydride,  and  in  this  case  the  chloranhydrides  of  4-chlorbutanesuIfomc*l  and  3-chlorb»inanesul- 
fonic-l  acid  were  obtained. 

These  si.iplest  examples  have  indicated  that  during  the  photochemical  processtes.  Cl  and  SO|CL.  when  pre¬ 
sent  in  the  molecule,  show  a  similar  effect:  they  repel  the  second  entering  substituenn  (Cl  or  SO|Cl):  isomers 
1,1  and  1,2  were  not  formed  in  noticeable  quantities.  Thus  the  chloranhydrides  of  siiiaonic  acids  differ  sharply 
from  the  haloanhydrides  of  the  carboxylic  acids.  During  chlorination  of  the  chlora.nirudndes  of  butyric  3cid,  ^ 

the  chloranhydride  of  a -chlorbutyrlc  acid  is  formed,  as  was  demonstrated  by  Markovoiikov  (3). 

The  brominat ion  reaction  of  carboxylic  acids  in  the  presence  of  red  phosphotewa  was  studied  in  oaore 
detaJ  by  N.  D.  Zelinsky  [4),  through  the  formation  of  bromanhydxvdes.  In  this  case  bnomine  replaces  tbe  hydrogen 
atom  at  the  a -carbon  atom,  even  when  the  tertiary  carbon  atom  Is  not  in  the  a  -posicuon  of  the  molecule.  Thus, 
for  example,  o-bromisovaleric  acid  is  formed  from  isovaleric  acid,  and  from  isocapmoc  acid  w  formed  e-bromiso- 
caproic  acid.  Upon  chlorination  of  the  free  acids  in  the  absence  of  phosphorous,  thus  mechanism  is  nM  observed. 
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Thus,  with  chlorination  of  isovaleric  acid  in  light,  the  6  <hloriso valeric  acid  [5]  is  rormed,  l.e.,  chlorine  enters 
at  the  tertiary  carbon  atom,  even  though  the  latter  is  not  in  the  a -position. 

This  peculiarity  of  the  haloanhydrides  of  a  carboxylic  acid  is  explained  by  the  fact  that  the  latter,  in  dis¬ 
tinction  io  the  free  acids,  have  a  keto-enolic  equilibrium  shifted  to  the  side  of  the  enolic  form.  As  is  known,  the 
sulfonic  acids  and  their  derivaties  (but  not  the  sulfones)  have  even  less  tendency  to  enolization  than  the  carboxylic 
acids.  To  a  certain  degree  this  fact  may  serve  as  an  explanation  of  the  mechanism  described  above  for  the  sulfo- 
chloride  reaction. 

EXPERIMENTAL 

The  reaction  was  carried  out  in  Reactor  8  (see  Figure)  For  gas  feed  the  reactor  was  equipped  with  a  tube 
ending  in  a  porous  plate  Temperature  of  the  reaction  mixture  was  controlled  by  thermometer  12,  and  was  regu¬ 
lated  by  the  supply  of  hot  or  of  cold  water  in  the  U-shaped  tube  11.  Chlorine  and  sulfur  dicxide  were  fed  from 

tanks  1  and  2  through  drying  flasks  3  and  4  (filled  with  sulfuric 
acid)  through  mixer  7.  The  gas  volumes  were  measured,  re¬ 
spectively,  by  calibrated  gasometers  5  and  G,  illumination  of 
the  reaction  mass  being  effected  by  a  mercury  lamp  SVD  Sli- 
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Distance  between  the  lamp  and  the  reactor  was 
30  cm  The  outgoing  gases  were  absorbed  in  column  14  by  vratci| 

Sulfochlorination  of  1-Chlorbutane.  Gaseous 
chlorine  and  sulfur  dioxide  were  fed  into  134  0  g  of  1-chlorbutati 
(b  p.  77-78*;  dj*  0  88G0)  for  7  hours,  with  exposure  to  a  mercury  I 
lamp  Chlorine  was  fed  in  at  a  rate  of  1.1  mV'sec. ;  SO|  at  a  ratel 
of  2.2  ml/ sec.  At  first  the  reaction  mass  became  colored  grceni$l[ 
yellow.  After  3C  minutes  the  mixture  lost  its  color,  and  the 
temperature  rose  to  40*.  After  termination  of  the  reaction,  the 
mixture  was  flushed  out  with  nitrogen.  The  increased  weight 
after  completion  of  the  operation  was  50.4  g.  From  a  water  baih| 
82  27  g  of  unteacted  chlorbutane  was  distilled  out  from  the 
reaction  pioduct  The  residue  was  distilled  in  vacuo. 

FracMop  I  up  to  70*  (2  5  mm)  i  Gl  g  did  not  contain  hydrolyzable  chlorine  and  was  not  analyzed  in  detailj 
(probably  di-  and  poly-chlorbutancs). 

Fraction  II  105-llG*  (2  5  mm).  88  44  g 

Found  Cl  (sapon  )  18  51.  18  58  Cl  (total)  37. IG,  37  11  C4H|OjS2Clj.  Calculated  ‘Ja  Cl  (sapon.)  18.58; 
Cl  (tot.cl)  37. 17. 

14  85  g  of  a  mixture  of  dichlorbutanes  resulted  (b  p  130*155*)  from  31.48  g  of  Fraction  !I,  upon  thermal 
decomposition  8.77  g  of  the  dichlorbutanes  was  dissolved  in  80  ml  of  ethyl  alcohol,  and  to  the  solution  was  added 
14  0  g  of  potassium  rhodanide;  the  mixture  was  boiled  for  40  hours  on  a  water  bath  with  a  reflux  condenser.  After 
termination  of  reaction  300  ml  of  water  was  added  to  the  mixture,  the  rhodanide  separ.Tted  and  was  extracted 
with  ciiic:  ’.fter  removal  of  the  ether,  the  rhodanide  was  suspended  in  water  and  treated  with  gaseous 

chiorine  to  the  appearance  of  a  yellow  coloration,  which  indicated  excess  chlorine.  The  latter  was  blown  off 
wnh  nitrogen  The  chloranhydride  formed  separated  in  the  form  of  a  heavy,  viscous  oil,  which  solidified  upon 
standing  The  oil  was  extracted  with  ether,  the  ether  solution  was  washed  with  water  and  ^ried  with  calcium 
chloride.  Aber  distilling  off  the  ether  14  77  g  of  residue  resulted  The  latter  was  dissolved  in  10  ml  of  benzene, 
and  to  the  solution  was  added  20  ml  of  carbon  tetrachloride  3  45  g  of  white  needle  crystals  separated;  after 
recrystallization  from  benzene  and  carbon  tetrachloride,  m  p.  was  83-84*. 

Found  <^0  Cl  (sapon  )  27  85,  27.77  C,H,04S,C1,  Calculated  <7o:  Cl  (sapon  )  27.84. 

The  crystals  were  identified  as  the  chloianhydride  of  butanedisulfonic  T,4  acid  from  the  melting  point. 

20  ml  of  petroleum  ether  was  added  to  the  filtrate  resulting  after  separation  of  the  chlonnliydride  of 
butancdisullo'iic-l,4  acid.  After  standing,  10.38  g  of  white  needle  crystals  separated  out.  After  recrystallization 
from  benzene  and  petroleum  ether,  m.p.  was  40-41*. 


Found  %  Cl  (sapon.)  27.80,  27.79.  C*H,O^S,Cl,.  Calculated  Cl  (sapon.)  27.84. 
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The  co'stals  were  identified  as  the  chloroanhydrtde  of  butanedisulfonic*!,.')  acid  fromtfie  melting  point. 

Therefore  Fraction  n  represented  a  mixture  of  two  isomeri,  chloioanhydides  of  l-chlorobutanesulfonic-4  and 
l-chlorobutanesulfonic-3  acids  in  the  ratio  of  1:3,  judging  from  the  quantity  of  disulfonic  acid  chloroanhydridei 
formed. 

L 

jSillfPclUSf  InftllQP.  Pf.  ProE?riesulfonic^2^cid_Chloroanhydride.  A  mixture  of  gaseous  chlorine  and  sulfur 
dioxide  was  passed  into  10.0gof  the  chloroanhydride  of  propanesulfonic*2  acid  for  6  hours,  with  exposure  to  a  ; 

mercury  lamp.  Chlorine  was  passed  in  at  the  rate  of  0.3  ml  per  sec,  SO,  at  0.6  ml  per  sec.  At  first  the  reaction 
mass  was  colored  yellowish*green,  and  it  did  not  decolorize  for  the  duration  of  the  reaction  period.  Weight  of 
the  reaction  mass  after  blowing  through  with  nitrogen  was  38.2  g.  The  reaction  product  was  fractionally  distilled 
under  vacuo  and  all  of  it  distilled  at  71-72*  (13  mm);  dj*  1.2652. 

Found  Cl  (sapon.)  24.82,  24.88.  CjM/l^SCl.  Calculated  <r  Cl  (scpon.)  24.91. 

•  » 

Consequently,  the  chloroanhydride  of  propane$ulfonic*2  acid  remained  unchanged.  ' 

Sulfochlorination  of  the  Chloroanhydride  of  n-Butanesulfonic-l*acld.  Gaseous  chlorine  and  sulfur  dioxide 
mixture  was  fed  Into  126.0  g  ot  the  chloroanhydride  of  butanesulfonic*!  acid  for  10  hours  with  exposure  to  light.  .  ’ 

Chlorine  was  supplied  at  the  rate  of  0.83  ml/ sec,  SO^  at  1.23  ml/ sec.  The  yellow -green  color  that  appeared  at 
the  start  disappeared  after  20  minutes.  Reaction  temperature  was  maintained  at  30-35*.  After  blowing  nitrogen 
through  the  reaction  mass,  the  weight  Increase  constituted  47.0  g.  Upon  heating  the  reaction  product  in  an  oil 
bath  (100-120*)  at  2  mm.  119.3  g  was  distilled  off,  residue  remaining  in  the  distilling  flask  being  50.8  g.  The 
volatile  portion  was  fractionally  distilled.  c 

Fraction  I,  77-79*  (8  mm) -31.4  g. 

Found  Cl  (sapon.)  22.58,  22.63.  C4HASCI.  Calculated ‘Jt:  Cl  (sapon.)  22.68.  ! 

Fraction  II,  107-111*  (8  mm) -79.5  g.  | 

Found  Cl  (sapon.)  18.53,  18.52;  Cl  (total)  37.08,  37.11.  C4Hp,SCl.  Calculated  <5t:  Cl  (sapon.) 

18.58;  Cl  (total)  37.17.  ( 

10.4  g  of  Fraction  II  was  thermally  decomposed.  4.79  g  (yield  69.1<Jt)  of  dichlorobutane  mixture  resulted.  ^  I 

Found  ‘7(»:  Cl  (total)  55.73,  55.81.  C4H|C1,.  Calculated  Cl  (total)  55.90.  | 

3.0  g  of  dichlorobutanes  was  dissolved  in  40  rnl  of  alcohol,  7.0  g  of  potassium  rhodanlde  was  added  and  the 
mixture  was  boiled  for  40  hours  on  a  reflux.  After  addition  of  water,  the  rhodanide  separated  and  was  extracted 
with  ether.  After  distilling  off  the  ether,  20  ml  of  water  was  added  to  tlie  remainder  and  the  mixture  was  ! 

chlorinated.  The  aqueous  emulsion  was  saturated  with  gaseous  chlorine  while  stirring.  The  chloroanhydride 
formed  was  extracted  with  ether  and  dried  with  calcium  chloride.  After  removal  of  the  ether,  4.31  g  of  viscous 
oily  liquid  resulted,  which  did  not  solidify  upqn  prolonged  standing.  The  oil  was  dissolved  in  5  ml  of  benzene 
and  10  ml  of  carbon  tetrachloride  was  added  to  the  solution.  Upon  standing;  0.32  g  of  while  needle  crystals 
separated,  which  were  again  recrystallized  from  benzene  and  carbon  tetrachloride  mixture,  m.p.  83-84*.  The 
sample  mixed  with  the  chloroanhydride  of  butanedisulfonic-1,4  acid  did  not  show  depression. 

10  ml  of  petroleum  ether  was  added  to  the  filtrate  from  the  preceding  operation.  Upon  standing,  3.38  g 
of  white  needle  crystals  with  m.p.  40-41*  separated,  A  sample  mixed  with  the  chloroanhydride  of  butanedl- 
sulfonic-1,3  acid  did  not  show  depression  uf  melting  point.  Consequently,  Fraction  II  represented  a  mixture 
of  the  chloroanhyrides  of  3-chlorobutanesulfonic-l  and  4-chlorobutanesulfonic-l  acids. 

The  residue  from  the  distillation,  which  solidified  to  a  brown  crystalline  mass,  was  dissolved  in  50  ml 
of  benzene  and  boiled  with  activated  charcoal  to  decolorize.  100  ml  of  carbon  tetrachloride  was  added  to 
the  filtrate.  Upon  standing,  white  needle  crystals  separated  out  (31.6  g).  After  repeated  crystallizations,  •  ^ 

m.p.  was  83-84*,- wheh  coricsponded  to  the  melting  point  of  butanesulfonic-1,4  acid  chloroanhydride.  100  ml 
of  petroleum  ether  was  added  to  the  filtrate  from  the  1,4-isomer.  Upon  standing,  15.3  g  of  white  needle 
crystals  separated  out  with  a  m.p.  of  40-40.5*,  corresponding  to  the  butanedisulfonic -1,3  acid  chloroanhydride. 

Chlorination  of  Btitanesulfonic-1-acid  Chloroanhydride  Chlorine  was  fed  into  100.0  g  of  butanesulfonic-1 
acid  chloroanhydride,  with  exposure,  for  8  hours,  at  the  rate  of  0.5  ml  per  sec.  The  reaction  temperature  was 
maintauied  at  30-35*.  After  blowing  off  with  nitrogen,  the  increased  reaction  mass  weight  was  14.9  g.  The 
product  was  fractionally  distilled  in  vacuo: 
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Fraction  I,  b.p,  79-62*  (9  mm)  —32.74  g:  dj*  1.2069. 

Found  Cl  (sapon.)  22.71,  22.68. 

Fraction  11,  b.p.  100-112  (2  mm)  -81.4  g. 

Found  %  Cl  (sapon.)  18.57,  18.63;  Cl  (total)  37.10,  37.24.  C4HASCI1.  Calculated  a  (sapon.) 

18.58:  Cl  (total)  37.17. 

For  determination  of  composition,  20.0  g  of  Fraction  II  was  thermally  decomposed.  9.20  g  of  Isomeric 
dlchlorobutanes  resulted,  boiling  in  the  range  128-157*  (754.mm).  8.4  g  of  dlchlorobutanei  obtained  was 
converted  into  a  mixture  of  dichloroanhydridei,  proceeding  as  above.  11.8  g  of  dichloroanhydridei  mixture 
resulted.  From  the  mixture,  by  subsequent  precipitation,  first  with  carlwn  tetrachloride  and  then  with  petroleum 
ether,  the  following  resulted: 

a)  2. 7  g  of  the  chloroanhydride  of  butanedIsulfonlc-l,4-acid,  m.p.  83.5*. 

Found  %:  Cl  (sapon.)  27.73,  27.78.  C4H,04S,C1|.  CalcuUted  Cl  (sapon.)  27.84. 

b)  7.8  g  of  the  chloroanhydride  of  butanedlsulfonlc-l, 3-acid,  m.p.  39.5-40.5*  Found  Cl  (sapon.) 

27.81,  27.69.  C4H^4S,C1|.  Calculated  ‘Jt:  Cl  (sapon. )27.84. 

SUMMARY 

The  mechanism  of  Cl  and  SP|C1  entry  during  the  photochemical  sulfochlorinatlon  reaction  of  hydrocarbo;| 
has  been  studied,  as  well  as  the  influence  of  substituted  groups  already  present  In  the  molecule. 

l*Chlorobutane,  upon  sulfochlorinatlon,  gave  a  mixture  of  Isomeric  chloroanbydrldei  of  4-chlorobutane- 
sulfonic-1  and  3-chlorobutanesulfonlc-l  acids  In  a  ratio  of  approximately  3:1.  Isomers  1,1  and  1,2  were  not 
found. 

During  sulfochlorinatlon  of  butanesulfonlc-1  acid,  the  second  SO^Cl  group  enters  only  at  position  4 
and  3.  Chlorination,  which  proceeds  simultaneously,  leads  to  exchange  of  the  hydrogen  atoms  for  chlorine 
in  positions  4  and  3. 

Under  normal  conditions  of  photochemical  sulfochlorinatlon,  the  chloroanhydride  of  prupanesulfonlc-2 
acid  remains  unchanged. 
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THE  ESTERIFICATION  MECHANISM  OF  GLUTARIC  ACID 
M.  S.  Zhedek,  M.  E.  Katt  and  G.  V.  Cherevath 


Only  indirect  methods  are  described  in  the  literature  for  the  synthesis  of  monomethylglutarate :  by 
the  method  of  methyl  alcohol  addition  to  the  anhydride  of  glutarlc  acid  [1].'  and  as  the  result  of  acidolysls  of 
dimcthylglutarate  with  glutaric  acid  [2].  Attempts  to  synthesize  monomethylglutarate  by  direct  esterification 
of  glutaric  aciu  are  as  yet  unknown.  However,  the  following  data  are  indicative  of  the  fcasbillty  of  this 
method:  1)  esterification  conditions  are  close  to  acidolysls  conditions;  2)  the  difference  in  hydrolysis  constants 
for  the  glutaric  acid  carboxyls  is  quite  significant  (Ki  =  0.1526,  K|  =  0.3940). 

Moreover,  sebacic  acid,  the  saponification  constants  of  whose  esters  are  approximately  the  same  as  for 
glutaric  acid  esters,  according  to  the  data  of  Adams  [3],  can  be  converted  into  the  monomethyl  ester  by 
direct  esterification.  All  of  this,  therefore,  has  preconditioned  the  attempted  direct  synthesis  of  monomethyl¬ 
glutarate  by  esterification  of  glutaric  acid,  avoiding  intermediate  stages. 

GOOCH, 

(CH,),<^ 

COOH 

Esterification  experiments  with  glutaric  acid,  using  various  quantities  of  methanol  in  the  presence  of 
h^S04.  indicated  that  only  dimethylglutaratc  is  formed  as  the  principal  reaction  product. 

The  effect  of  various  solvents  was  also  studied,  among  them  those  which  differentiated  the  esterification 
course  of  glutaric  acid.  A  mixture  of  SO  g  of  glutaric  acid  and  IS  g  of  methanol  (1: 1)  was  dissolved  in  the 
appropriate  solvent  and  heated  on  a  water  bath.  The  experimental  results  are  summarized  in  Table  1. 


TADLE  1 


Expt. 

No. 

i  Solvent 

Quantity  of 
H,S04  (ml) 

Duration  of 
heating  (hrs) 

. 

Yield  of 
dimethyl- 
glutarate 
.(‘^), 

Yield  of 
monomethyl¬ 
glutarate  (<^) 

23 

- 

5 

1 

31 

24 

•  Acetone  (125  ml) .  v 

5 

4 

2C.6 

13.  G 

25 

i 

5 

•  6 

23.3 

16  5 

26 

Acetone  (125  ml)  ..... 

5 

13 

22.5 

16.9 

27 

I  ' 

13 

20.0 

- 

28 

Dichloroethane  (100  ml) ...  * 

*5 

13 

3G.G 

29 

Dichloroethane  (50  ml  ♦ 

13 

16  6 

30 

acetone  (50  ml) . 

5 

13 

41  6 

12  7 

31 

1 

13 

16.0 

- 

33 

1  Chloroform  (100  ml)  ....  < 

13 

55.0 

— 

Thus,  esterifications  of  glutaric  acid  carried  out  in  a  medium  of  differentiating  solven»s.  in  the  presence 
of  catalyst  (Experiments  23-20),  and  with  their  mixtures  (Expt.  30).  has  resulted  in  the  formation  of  small  amounts 
of  the  acid  ester.  In  the  absence  of  catalyst,  glutaric  acid  forms  small  amounts  of  the  diester  when  in  chloroform 
medium,  and  dichloroethane  does  not  react  at  all  in  an  acetone  medium. 

In  order  to  improve  reaction  conditions,  experiments  were  set  up  for  the  direct  esterification  of  glutaric 
acid  without  catalyst  (l^SO,).  . 


219 


TASLE  2 


No. 

KXllO  Oli 

to  alcohol  I 
quantitoes  j 

1  1 

!  time 

! 

1 

i  J 

Mono-  and 

1  1 

dimethyl¬ 

glutarate 

{») 

Dimethyl¬ 

glutarate 

(*) 

12  \ 

1 

1.1 

1  ^ 

43.6 

13.3 

13 

1:1.5 

5 

22.2 

33.5 

14 

1:2 

S 

26.0 

54.6 

IS 

1:2.5 

5 

7.3 

66.6 

16  : 

1:3  1 

5 

2.7 

73.3 

i*?  . 

1:1  1 

2.5 

31.8 

19.1 

18  ! 

1:1 

4.0 

36.8 

17.0 

19  ^ 

1:1 

6.0 

49.0 

10.0 

36  • 

1:1 

i  10.0 

60.0 

3.6 

20 

1:1 

1  13.0 

69.0 

Traces 

38  1 

r 

1:1 

20.0 

67.9 

•• 

TABLE  3 

Expt.! 

j  Diester  and 

Heating  ] 

Quantit 

y  (in  %) 

No.  1 

acid  ratio 

time 

Dlester  j 

Monoest 

1 

(in  hrs) 

.... 

1 

1:1 

1.5  1 

43.6 

2 

1:1 

1  5.0  1 

1  33.0 

>  46.9 

3 

1:1 

10.0 

24.0  1 

58.2 

4 

1:1 

13.0 

15.3 

67.2 

9 

1:1 

17.0 

12.2 

66.2 

Preliminary  experiments  gave  positive 
results  Immediately.  Upon  heating  an  equi- 
molecular  mixture  of  glutaric  acid  and  methanol 
on  an  oil  bath  at  145-150*  for  2  hours,  a  lightr 
brown  mass  resulted,  of  sharp  odor,  containing 
29.&5t>  acid  ester  and  21.0^  dimethylglutarate. 

The  experiments  that  followed  clarified 
optimum  reaction  conditions,  the  most  efficient 
ratio  of  initial  si&stances  *~alcohol  and  glutaric  acid,  and  also  the  relation  of  ester  yields  to  reaction  time.  The 
results  of  these  e-Kperimsnts  arc  summarized  in  Table  2. 

Consev^ucntly,  direct  esterification  of  glutaric  acid  by  alcohol  in  the  absence  of  H^SO^  catalyst  leads  to 
nwaomethylgluoarate  as  the  principal  reaction  product,  while  with  an  increase  in  the  heating  time  of  an 
equunolecuiar  nnixture,  the  acid  ester  yield  is  mcreased,  and  stabilizes  after  13  hours  of  heating,  while  the 
content  of  dimetiyl  ester  in  the  reaction  mixture  decreases.  This  brings  to  mind  a  thought  that  monomethyl- 
glutarate  formadon  during  the  direct  esterification  of  glutaric  acid  by  alcohol  is  realized  through  an  intermediaie I 
forziiition  of  diizacthylglutarate,  with  its  subsequent  acidolysis  by  glutaric  acid.  To  confirm  this  assumed  formation 
mechanism  for  rSie  glutaiic  acid  ester,  the  authors  carried  out  dimethylglutarate  acidolysis  experiments  in  relation 
to  time.  As  a  ce-sult  of  these  experimentsXTable  3)  it  was  found  that  the  most  complete  acidolysis  occurs  with 
equimolecular  qiuantities  of  dimethylglutarate  and  glutaric  acid.  At  experiments  carried  out  under  the  same 
conditions  as  vvzh  esterification  of  glutaric  acid  were  incieased  in  time,  the  extent  of  acidolysis  Increased,  and 
the  dimethyl  esr-er  converted  into  moiiomethylglutarate,  forming  a  mixture  of  utireacied  diester  and  of  mono- 
methyl  glutarate  after  13  hours  heating. 

?ncreaa«s  in  experiment  time  to  17  hours  has  almost  no  effect  upon  the  yield  of  monoester. 

Thus,  cJbe  experiments  given  in  Table  3  confirm  the  authors'  assumption  concerning  the  fact  that  direct 
estenfication  of  jjutaric  acid,  as  carried  out  by  the  authors,  proceeds  in  two  stages:  the  dimethyl  ester  formed 
dunog  progress  cfthe  acid  esterification  enters  into  reaction  with  a  second  molecule  of  glutaric  acid,  forming 
rooromethylglucarate. 

EXPERIMENTAL 

Glutarie  Ac.id_  Synthesis.  The  glutaric  acid  was  synthesized  by  a  method  developed  by  Markovnikov, 
with  addition  of  precise  specifications  made  by  other  scientists  [4,5,6,!].  Synthesis  was  carried  out  according 
to  the  following  scheme: 

65.^^  Glutaric  acid 

1 

cyclohexanol  *  adipic  acid  — *•  cyclopentanone  - 

1 16.2<5b 

The  mutaure  of  glutaric  and  succinic  acids  resulting  from  oxidation  of  cyclopentanone  was  separated.  In 
place  cf  the  orthodox,  but  complicated  separation  method  for  these  acids  by  means  of  conversion  to  the  barium 
salts.  Ck  authors  uitilized  a  sharp  difference  In  solubility  of  glutaric  and  succinic  acids  in  benzene. 

1,42  kilE-grams  of  the  acid,  with  m.p,  95-97*,  resulted  from  2,3  kilograms  of  cyclopentanone. 
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Esterification  of  Glutaric  Acid.  All  experiments  on  esterification  of  glutaric  acid  and  acidolysis  of 
the  dime  thy  Iglutarate  were  carried  on  In  the  same  manner:  a  solvent  and  HSO4  catalyst  were  added  (Table  1) 
and  the  reaction  mixture  was  heated  in  a  round -bottomed  flask  with  a  reflux  condenser  on  a  boiling  water  bath. 
The  glutaric  acid  esterification  experiments  without  solvents,  and  the  acidolysis,  were  carried  out  with  heating 
to  145-160*  on  an  oil  bath.  The  reaction  mass,  heated  through,  was  cooled  and  the  flask  contents  were  transferred 
to  a  Clalson  flask  with  fractionating  column.  After  distilling  off  the  solvent  and  alcohol,  the  residue  on  the  water 
bath  was  fractionally  distilled  in  vacuo.  Fraction  I,  collected  at  108-112*  (23  mm),  corresponded  to  dimethyl* 
glutarate.  Fraction  11,  collected  at  158-163*  (23  mm)  consisted  principally  of  monomethylglutarate.  Repeated 
fractional  distillations  of  the  ester  fractions  from  several  experimenu  indicated  that  Fraction  1  contained 
dimethylglutarate  of  sufficiently  high  purity. 

The  ester  fraction  (158-163*)  was  contaminated  with  2-5^ of  glutaric  acid,  easily  removable  by  repeated 
distillations  in  vacuo.  Here  the  resulting  product  obtained  boiled  at  165-166*  (23  mm). 

d„  1.1740:  n{J  1.4419:  MRq  32.8908:  calculated  33.0930. 

SUMMARY 

1.  A  method  of  monomethylglutarate  synthesis  has  been  developed  by  means  of  direct  esterification 
of  glutaric  acid  with  methanol,  in  yields  up  to  of  theoretical. 

2.  The  effect  of  initial  mixture  composition,  time  of  reaction.  H1SO4  catalyst,  and  of  solvents  upon 
esterification  of  glutaric  acid  have  been  studied. 

3.  A  reaction  mechanism  for  monomethylgluurate  formation  by  direct  esterification  of  glutaric  acid 
has  been  proposed.  The  reaction  proceeds  In  two  stages:  at  fint  dimethylglutarate  is  formed,  which  then,  by  • 
acidolysis,  is  converted  to  the  monomethyl  ater  of  glutaric  acid* 
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COMPARATIVE  HYDROGENATION  OF  UNSATURATED  FATTY  ACIDS  Ci|.Ci,and  6^ 


P.  A.  Artamonov 


Ai  a  development  of  the  problem  which  was  touched  upon  by  the  author  In  regard  to  the  hydrogenation 
kinetics  of  unsaturated  fatty  acids  [1,2],  the  author  in  the  present  investigation  has  undertaken  the  task  of  clarifying 
the  effect  of  the  carbon  chain  length  upon  the  magnitude  of  the  hydrogenation  fate. 

As  objects  for  study,  the  unsaturated  fatty  acids,  of  general  formulas  CijHjjOj,  and  CaHoO^. 

were  selected,  obtained  partially  by  synthetic  means,  and  partially  by  isolation  from  natural  ve;;^ctable  oils.  Com- 
parative  hyclrof'.c nation  experiments  for  the  following  pairs  of  unsaturated  fatty  acids  were  carried  out;  1)  hexa* 
decene'2-acld-l  and  octadecciic-2-acid-l;  2)  octadecenc -2-3: id-1  and  docoscne-2-acld-l;  3)  octadeccnc-f-acid-l 
an.’  docoseiic-lC-acid-l.  Certain  constants  for  tlrese  acids  are  given  in  Table  1. 


TABLE  1 

No. 

Acid  names 

i 

i 

M 

!  M.p. 

1 

! 

Iodine  No. 
according 
to  Guble 

1 

1 

j  Hexadecene-2-acid-l  j 

254.24 

j  49.0*  1 

1  26.3* 

2 

j  Octadecene-2-acid-l  ; 

282.27 

)  59.0  j 

1  21.1* 

3 

!  Docosenc-2-acid-l 

338.34 

'  68.5  1 

I  18.75* 

4 

j  Octadcccne-9-acid-l 

282.27 

■  14.2  1 

89.3 

5 

,  Docosene -13-acid-l 

338.34 

>3.5  ] 

74.38 

0  fi  2Q  Ja  HO 
7“intt  in 

Fig.l.  1)  Hexadccene-2-acid-l; 
2)  octadRcene-2-acid-l,  3) 
docose  ne -2-acid -1. 


0  to  iO  30 
TlmeuiHUa^ 

Tig.2.  1)  Octadecenc- 
9-acid-l;  2)  docosene- 
13-acid-l, 


Hydrogenation  was  carried  out  with  electrolytic  .  . 

.  .  .  ^  .  docosene-2-acid-l.  13-acid-l. 

hydrogen  in  dry  diethyl  ether  at  room  temperature. 

Palladium  black  was  used  as  a  catalyst,  obtained  by 
the  method  of  Willstatter.  In  the  course  of  the  experi¬ 
ments,  the  author  used  one  and  the  same  sample  of  catalyst  and  solvent  in  order  to  eliminate  possible  effects  of  the 
conditions  of  the irprepa ration  on'  the  course  of  hydrogenation.  For  obtaining  comparative  data,  hydrogenation 
was  carried  out  on  acid  pairs.  The  experimental  procedure  was  as  follows:  the  investigated  pairs  of  acids  were 
placed  together  with  the  solvent  into  two  glass  containers  (15  ml  of  an  ester  solution  of  the  analyzed  acids.  0.263 
molar),  set  up  in  an  apparatus  for  shaking,  and  connected  with  two  burets  filled  with  hydrogen  such  that  each 
buret  with  container  for  hydrogenation  constituted  a  closed  cycle.  The  shaking  device  was  set  into  movement 
by  an  electric  motor.  After  defined  time  intervals,  the  hydrogen  consumed  was  measured.  The  volume  of 
absorbed  hydrogen  was  brought  to  0*  and  760  mm  pressure.  The  hydrogenation  rate  constant  was  calculated  by 
an  equation  of  zero  order. 

EXPERIMENTAL 

1.  Comparative  Hydrogenation  of  Hexadecene-2-acid-l  and  Cctadecene-2-acid-l.  The  investigated  acids 
were  obtained  by  treatment  of  a-bromopalmitic  acid  and  a-bromostearic  acids  with  an  alcoholic  potassium 
hydroxide  solution,  using  the  methods  described  in  the  preceding  works  [1,3]  by  the  author.  Hydrogenation  was 
carried  out  at  a  temperature  of  22*  and  7G0.5  mm.  Experimental  results  of  the  hydrogenation  are  given  in  Table  2. 

J[  =  time  (in  minutes);^  =  volume  of  absorbed  hydrogen  (in  milliliters),  brought  to  0  and  7G0  mm.  dv  - 
volume  (in  ml)  of  hydrogen  absorbed  within  the  time  measured;  1<  =  quantity  of  hydrogen  absorbed  in  one  minute. 

From  the  data  of  Table  2  it  can  be  seen  that  hexa«.'ecenc-2-acid-l  hydrogenates  more  rapidly  than 

octadeccne-2-acid-J.  However,  upon  co.r.paring  the  hyJroj.enaiion  rates  of  octadeccne-2-3cid-l  and  de^coscne-'.-acid'l 
(Table  3t  it  can  be  seen  that  octadeccne-2-acid-l  in  its  turn  hydrogenates  more  rapidly  than  decoscne---ac  -1. 

•  Lowered  iodine  numbers  are  characteristic  for  a  -  and  6-unsaturaied  acids  [3]. 


2  Comparative  Hydrogenation  of  Ocudeccne-Q-acid-l  and  Pocosenc  ^Z-acld-l.  The  docosene'2>acid-l 
necessary  for  the  experim  ents  was  obtained  by  the  author  through  a  splitting  off  of  the  bromine  from  a  -bromo- 
behenlc  acid,  using  alcoholic  alkali  and  heat  [4].  The  experimental  results  of  hydrogenation  are  given  In  Table  3,| 
and  the  course  of  the  hydrogenation  curves  for  the  Investigated  acids  is  presented  in  Fig.  1. 


TABLE  2 

He xadecene -2-acid-l  ;  Octadecene-2-acld«l 


TABLE  3 
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Analysis  of  the  resulting  data  (Tables  2,  3  and  Fig.l) 
indicates  that  the  size  of  the  fatty  acid  molecule 
evidently  affects  the  hydrogenation  course,  namely,  the 
longer  the  carbon  chain  length  for  the  unsaturated  fatty 
acid  molecule,  the  slower  the  addition  of  hydrogen  at 
the  double  bond  proceeds. 

Of  the  three  acids  investigated  by  the  author. 
docosene-2-acld-l,  with  22  carbon  atoms  in  its 
molecule  (M  =  338.34),  hydrogenates  the  slowest,  and 
hexadecene-2-acid-l  with  16  carbon  atoms  in  its 
molecule  (M  =  254.24)  hydrogenates  the  fastest. 

3.  Comparative  Hydrogenation  of  Octadecene-S-acid-l  and  Dccosene-13-acid“l.  Of  interest  to  the 
author  was  the  problem:  is  the  above-mentioned  mechanism  preserved  between  the  unsaturated  fatty  acid 
molecular  weight  and  its  hydrogenation  rate  if  fatty  acids  with  different  double  bond  positions  from  the 
carboxyl  group  are  taken,  than  the  a -unsaturated  acids  which  were  taken  for  investigation  by  the  author.  To 
solve  this  problem,  a  comparative  hydrogenation  of  octadecene-9-acld-l  (oleic  acid)  and  docosene-13-acld-l 
(erucic  acid)  was  carried  out  The  acids  necessary  for  the  experiments  were  isolated  from  natural  vegetable 
oils.  Oleic  acid  was  isolated  from  olive  oil,  and  erucic  from  rape  oil.  Conditions  of  hydrogenation  were  the 
same  as  in  the  preceding  cases.  Experimental  results  are  given  in  Table  4  and  in  Fig.  2. 

It  can  be  seen  that  here  too  is  maintained  the  relation  observed  by  the  author  between  the  unsaturated 
fatty  acid  molecular  weight  and  its  hydrogenation  rate,  namely:  the  longer  the  carbon  chain  length  of  the 
molecule,  the  slower  does  hydrogenation  proceed.  Docosene-13-acid-l  (erucic  acid)  hydrogenates  considerably 
slower  (1.5-2  times)  than  does  octadecene-9-acid-l  (oleic  acid).  From  this  it  is  possible  to  explain  the  fact 
which  IS  met  everyday  in  practice  that  oils  from  the  cruciferrae  family  (rape,  mustard  and  colza),  which 
•.  c.itain  large  a.Tiounis  (up  to  50<7e)  of  erucic  acid,  hydrogenate  considerably  slower,  as  a  rule,  than  sunflower, 
'•otTon  and  other  oils,  which  are  composed  principally  of  the  triglycerides  of  the  unsaturated  fatty  acids  Cu  and 

It  IS  of  interest  to  note  that  the  rate  of  hydrogen  addition  to  the  double  bond  of  an  unsaturated  fatty  acid 
appaiently  depends,  to  a  more  considerable  extent  upon  the  carbon  chain  length  of  the  molecule,  than  upon  the 
carboxyl  group  position  with  respect  to  the  double  oond. 

In  the  author's  preceding  work  on  a  study  of  the  hydrogenation  rate  of  octadecene  acids  [1],  it  was 
established  that  as  the  double  bond  becomes  farther  removed  from  the  carboxyl  group,  the  rate  of  hydrogen 
addition  to  the  double  bond  increases.  Proceeding  from  this  position,  erucic  acid,  in  which  the  double  bond 
is  in  position  13-14  from  the  carboxyl  group,  should  hydrogenate  at  a  greater  rate  than  oleic,  whose  double 
bond  in  the  chain  is  considerably  nearer  (9-10)  to  the  carboxyl  group.  However,  as  can  be  seen,  the  results 
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are  contrary,  due  to  a  higher  molecular  weight  of  erticlc  acid  ai  compared  with  olclc  acid.  ConseQu^.ntly,  tins 
mechanism  of  hydrogen  addition  rate  to  unsaturated  fatty  acids  in  relation  to  the  double  bond  position  ia 
apparently  preserved  only  for  acids  of  the  same  order. 

SUMMARY 

1.  The  rate  of  hydrogenation  of  unsaturated  fatty  acids  decreases  with  an  increase  in  molecular  weight. 
Hexadecene-2-acid*l  hydrogenates  more  rapidly  than  octadecene'2-acid*l,  and  in  its  turn  octadecene*2*acid<‘l 
hydrogenates  at  a  more  rapid  rate  than  docosene-2-acid-l. 

2.  The  difficulty  in  hydrogenation  of  vegetable  oils  from  the  cruclferrae  family  (rape,  mustard,  and  colza) 
which  is  encountered  in  practice  is  explained  by  the  low  hydrogenation  rate  of  docosene-lS-acid-l  (erucic  acid)  as 
compared  with  the  hydrogenation  rates  of  hexadecene  and  octadecene  acids  which  enter  into  the  composition  of 
sunflower,  cotton  and  other  oils. 
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ALKYL  ESTERS  OF  GLYCEROL 


M.  S.  Malinovsky  and  V.  M.  Vvedensky 


The  present  investigation  was  undertaken  with  the  purpose  of  clarifying  the  influence  of  alcohol  type  upon 
iu  order  of  addition  to  glycides  and  the  yield  of  glycerol  monoestet. 

Methyl,  ethyl,  propyl,  iso-propyl,  n-butyl,  iso-butyl,  ter-butyl,  n-amyl,  iso-amyl,  allyl  and  benzyl  alcohols 
were  taken.  All  of  ibc  alcohols  mentioned  form  monocsters  (some  of  them  synthesized  for  the  fim  time  by  the 
authors),  and  at  the  sar?>e  time  the  following  regularities  were  observed. 

• 

1)  The  normal  primary  alcohols  give  the  highest  yields  (approximately  GO-60^)  of  glycerol  monoesters 
2)  Primary  alcohols  of  iso-structure  form  monoesters  in  poorer  yields  than  the  normal  alcohols.  Thus,  for  example,, 
the  monoester  yield  for  isobutyl  alcohol  was  and  for  isoamyl  34*^.  3)  The  secondary  alcohols  give  mono¬ 
esters,  b  it  5»ct  with  such  high  yields,  on  the  average  30-35<5fc.  4)  Tertiary  alcohols,  as  was  expected,  gave  the 
monoesters  in  poor  yields  (3-4<^),  and  prolonged  beating  of  their  components  is  required,  up  to  approximately 
20  hours  5)  Benzyl  alcohol  reacts  with  glycide  with  more  difficulty  than  with  the  secondary  alcohols,  and  the 
monoester  yield  reaches  16-18^ 

None  of  the  sycxhesized  glycerol  esters  mix  with  benzene,  and  apart  from  the  methyl  ester,  they  are 
insoluble  in  water.  Tbey  mix  with  ethyl  alcohol  and  acetone  in  all  proportions.  Monoesters  with  amyl,  iso-amyl 
and  allyl  radicals  are  sztsoluble  in  ethyl  ether.  Fhe  boiling-points  and  specific  gravities  of  the  monoesters  are 
given  in  the  Table. 

In  the  reaction  of  alcohol  with  a  glycide  the  formation'of  an  a- or  a  B  -form  of  the  monoesters  may  be 
expected.  The  authors  obtained  only  a-esters.  sicntical  in  structure  with  the  esters  resulting  from  the  a-chlorohydrln 
of  glycerol  and  the  alcoholates  6f  the  corresponding  alcohols.  Due  to  the  fact  that  some  of  the  glycerol  mono¬ 
esters  described  here  have  been  synthesized  for  the  first  time  by  the  authors,  it  was  obligatory,  for  structure  confirma¬ 
tion,  to  synthesize  thesi  from  the  alcoholates  by  the  procedure  indicated  above:  the  esters  in  this  case  resulted  in 
% 

poor  yields.  Conformity  of  the  ester  constaut  sy-nthesized  from  the  glycide  and  the  a-chlorohydrin  of  glycerol 
indicated  that  only  ih«e  n -monoesters  of  glycerol  result  from  glycides  and  alcohols. 

The  results  obLained  by  the  authors  are  in  good  agreement  with  the  data  of  A.  A.  Petrov  and  M.  G. 
Vladimirova  [1].  The  authors  mentioned  establisced  that  for  the  most  part  only  a,  y-diesfers  are  formed,  I.e., 
that  the  oxide  ring  of  glycide  is  open  on  the  side  of  the  tertiary  carbon  atom,  which  has  likewise  been  observed 
by  the  present  authors 

EXPERIMENTAL 

Condensation  of  Glycide  with  Methyl  Alcohol.  Taken:  7.5  g  (0.1  mole)  of  glycide,  16  g  (0.5  mole)  of 
methyl  alcohol,  and  IS  of  the  mixture  weight  in  concentrated  sulfuric  acid  in  the  role  of  catalyst. 

Sulfuric  acid  was  added  to  the  alcohol  with  cooling,  and  then  the  glycide  in  small  portions.  With  such 
a  mixing  order  for  the  components,  the  highest  jield  of  the  monoester  resulted.  If  one  proceeds,  on  the  contrary, 
to  mix  alcohol  with  the  glycide  arxi  then  to  add  the  acid,  then  each  drop  of  the  latter  reacts  very  rapidly. 

Tlie  glycide  oxide  re^inifies  Under  the  conditictis  indicated  above,  resinification  was  not  observed,  although 
the  reaction  proceedevi  with  strong  heat  evolution,  because  of  which  the  flask  had  to  be  well-cooled. 

After  terminatfioa  of  reaction,  the  sulfuric  acid  was  neutralized  with  barium  carbonate  and  the  ether  was 
distilled  qff  in  vacuo.  g  of  monoester  resulted,  which  constituted  75^. 

.Repeated  experi.:T)ents  have  indicated  that  a  two-fold  or  three-fold  decrease  in  quantity  of  alcohol  always 
decreases  the  monoestei  yield  by  50^o  A  0  l^<Jecrease,in  quantity  of  acid  also  decreases  the  ester  yield  to  a 
high  degree:  on  the  oih>er  hand,  an  increase  in  quantity  of  acid  up  to  2*^  increases. the  monocster  yield  up  to  85^. 

A  further  increase  in  the  quantity  of  ac*i  did  not  affect  the  ester  yield. 


TABLE 

• 

The  Properties  of  Glycerol 

Monoesters 

No.  1  Name  of  Ester  | 

Formula 

!  B.P.  :  d” 

PteT  cent  OH  grount 

(731-736 

mm) 

finund  calculate 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 


'  a -Methyl  ester  of  glycerol[2] 
a -Ethyl  ester  of  glycerol  [3] 
a  -Propyl  ester  of  glycerol  [4] 
a -Isopropyl  ester  of  glycerol 
a -Butyl  ester  of  glycerol 
a  -Isobutyl  ester  of  glycerol 
a-Ter-Butyl  ester  of  glycerol 
a -Amyl  ester  of  glycerol  [5] 
a -Isoamyl  ester  of  glycerol 
a-Ailyl  ester  of  glycerol 
a -Benzyl  ester  of  glycerol 


CH,OCI%CH(OH)CH^OH  : 

C,H,OCl%CH(OH)ClioH  j 

C,H,OCl%CH(OH)Cl^OH  I 

(CH,)*CH<Xl%CH(OH)Cl%OH  | 

C4HPCH^C1X0H)CH^0H  j 

(CHj^,CHC1^0CHCH(OH)Cl%OH 
(CH,),COCl%CH(OH)C1^0H 
C,Hu0CH,CH[0H)C1^0H 
(CH,),CHCI%Ct%OCHtCH(OH)CH,OH 
i  H|C=CHCl%CX:i%CF<OH)CHOH 
C,HjCt^OCH,CHcOH)CF^OH 


198-200* 

1.183 

- 

219-222 

1.0947 

- 

221-224 

1.0826 

- 

187-190 

1.0063 

2a.Tl0 

25.35 

226-227 

1.0585 

231.65 

22.95 

216-218 

1.0656 

23121 

22.95 

209-211 

1.0764 

23L40 

22.95 

257-260 

1.06C3 

.  — 

- 

248-250 

1.0047 

- 

209-210 

1.0869 

2^.54 

25.74 

274-276 

1.0263 

ia.60 

18.72 

The  ester  which  the  authors  have  syatlsesized  for  the  first  time  from  glycide  was  obtained!  Siy  heating  sodiuj 
methylate  with  the  a -chlorohydrin  of  glycerol  (2}. 

The  remaining  esters  given  In  the  Table  were  synthesized  in  the  same  manner  as  the  metibi'l  ester,  except 
that  in  certain  instances  the  reaction  mixture  had  to  be  heated  on  a  water  bath.  In  a  majority  otTffhe  cases.  2  hour 
of  heating  was  quite  adoqu;  .e  for  maximum  ester  yield,  and  it  was  only  the  condensation  of  glycaiie  with  ter-butyl 
alcohol  that  required  20  hours  of  heating. 

0.1  mole  of  glycide,  0.5  mole  of  the  corresponding  alcohol  and  sulfuric  acid  to  the  amoumtof  the 
mixture  weight  were  taken  in  all  condensatioos. 


The  molecular  weights  of  the  synthesized  esters  were  determined  and  the  deviation  betwerai  found 
and  calculated  data  consisted  of  1  to  3^  for  the  hydtoxyl  group  content. 


The  esters  indicated  in  the  Table  under  Nosl  5  ,  8  and  10  were  obtained,  moreover,  from;  tche  glycerol 
a -chlorohydrin  by  the  method  given  in  ide  literature. 

SUMMARY 


1.  The  condensation  of  glycide  with  various  primary,  secondary  and  tertiary  alcohols  haslbeen  investigates 

2.  The  mechanism  of  glycerol  monoester  formation  from  glycide  and  conditions  for  highe:«i  yields  have  I 

been  brought  out.  I 
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INVESTIGATION  OF  OLEFIN  OXIDES 


CONDENSATION  OF  OLEFIK  OXIDES  WITH  PHOSGENE 


M.  S.  Malinovsky  and  N.  M.  Medyaatseva 


As  Is  known,  the  chloroanhydrtde  of  carbonic  acid,  or  phosgene,  reacts  readily  with  alcohols  to  form 
esters  of  chloiocarbonlc  acid.  A  second  phosgene  chlorine  atom  enters  Into  reaction  with  excess  alcohol  ao-l 
high  temperature,  which  leads  to  the  complete  esterification  of  carbonic  acid,  in  order  to  avoid  this  second 
reaction,  strong  cooling  and  considerable  phosgene  excess  In  relation  to  alcohol  are  r.ecessary,  which  leads  to 
variations  in  this  reaction,  namely;  the  alcohol  can  be  reacted  with  liquid  phosgene  with  strong  cooling  fll 
or  the  alcohol  can  be  dropped  onto  charcoal  fragments  saturated  with  phosgene  (2) 

When  phosgene  and  alcohol  react,  hydrogen  chloride  is  usually  evolved,  which,  upon  dissolving  in  the 
liquid,  shifts  the  equilibrium  (for  the  first  reaction)  to  the  left,  leadLng  to  decreed  yields  of  chlotocarbonic 
esters.  To  avoid  this  reverse  reaction,  hydrogen  chloride  must  be  removed  from  the  reaction  medium,  which 
is  realized  either  by  bubbling  air  through,  or  by  addition  of  weak  organic  bases  p]  (dimethylaniline,  pyridine, 
antipyrine,  and  others),  or  by  addition  of  marble.  In  the  latter  case  water  must  also  be  introduced  for  solution 
of  the  calcium  chloride  which  results  fro.m  the  reaction  process. 

Quite  obviously  the  thought  arose  of  carrying  out  the  first  reaction  in  such  a  manner  as  to  have  no 
worry  concerning  the  formation  of  a  full  ester  of  carbonic  acid,  pr  the  reverse  process,  whicn  leads  to  decomposl* 
tion  of  chlorocarbonic  esters.  For  this  purpose  the  authors  made  use  of  olefin  oxKles,  which  when  reacted  with 
phosgene  should  be  completely  added  to  the  latter,  as  the  result  of  which  the  teed  for  fixing  hydrogen  chloride 
no  longer  arises. 


During  the  reaction  of  phosgene  with  olefin  oxides,  chlorocarbonic  esteis  or  the  full  esters  of  carbonic 
acid  may  be  expected. 


In  reality  it  was  found  that  reaction  proceeds  in  the  first  direction,  and  even  with  a  large  excess  of  oxide 
the  full  ester  of  carbonic  acid  does  not  result.  This  was  also  confirmed  by  specul  experiments  on  the  condensation 

of  the  readily -prepared  ester  of  chlorocarbonic  acid  CH,0-C - Cl  wnh  ethylene,  propylene  arid  epichlor- 

hydrin  oxides.  Despite  the  fact  that  the  oxide  was  passed  into  (or  was  added  drcpwise  to)  the  above  indicated 
ester,  which  was  heated  on  a  water  bath,  condensation  was  not  observed,  and  the  ester  remained  unchanged. 


The  authors  synthesized  the  followi^’g  esters  of  chlotocarbonic  acid  from  'he  olefin  oxides: 

<CH^CHjCl  GHjCl 

jy-evi - CH, — CHi 

1  o=c{  '  o=c(  ;  I 

(I)  tl  ClCrtCh-Cl^ - Cl^ 


H(CH,C1), 

(IV) 


(») 


(Hi) 


The  structure  of  these  esters  was  confirmed  by  saponification,  the  result  of  which  gave  the  corresponding 
chlorohydrins  of  the  glycol.  Furthermore,  some  of  the  above-mentioned  esters  are  described  in  the  literature 
(synthesized  by  other  methods)  "nd  their  constants  coincide  fully. 

According  to  their  odor  .  the  chlorocarbonic  acid  esters  are  similar  to  she  methyl  esier  of  chlotocarbonic 

acid. 
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EXPERIMENTAL 

Phosgene  was  obtained  fitom  carbon  tetrachloride  by  reacting  with  oleum  of  high  percentage  [4], 

The  esters  were  synthesized  as  fellows.  The  calculated  quantity  of  cooled  olefin  oxide  was  slowly 
added  to  a  solution  of  the  determined  quantity  of  phosgene  in  ethyl  bromide.  The  reaction  proceeded  violently, 
and  so  the  mixture  was  cooled  with  water  and  Ice  for  the  entire  period.  After  introduction  of  the  oxide  the 
reaction  mixture  was  left  to  stand  overnight  at  0*.  aixJ  the  solvent  was  then  distilled  off,  the  residue  washed 
with  ice  water,  dried  with  anhydmus  sodium  sulfate  and  redistilled 

An  excess  of  phosgene  dees  not  impair  the  reaction,  and  It  it  better  to  take  somewhat  more  of  the 
latter  than  of  olefin  oxide.  As  sedvents,  benzene,  toluene,  carbon  tetrachloride,  dichloroethane,  and  others, 
may  be  taken,  but  best  of  all  is  ethyl  bromide.  The  ethyl  bromide  has  a  low  boiling  point  (♦  38*),  and 
consequently  is  easily  re-movable  from  the  resulting  chlorocarbonlc  acid  ester  and  docs  not  contaminate  the 
latter.  The  other  indicated  solseat  always  contaminate  the  resulting  chlorocarbonlc  ester  and  for  its 
purification  repeated  distlllatlots  are  required. 

B -Chloroethyl  Ester  of  C&3oTocaibonIc  Acid  (I).  This  product  resulted  in  50^  yield  from  ethylene  oxide 
and  phosgene,  and  Is  a  colorless  liquid,  b.p.  15^. 

d4^l.37'0.  Found  <?;);  a  50.08.  C, 1140^0*.  Calculated  <5«:  Cl  49. ->5. 

This  ester  is  described  in  the  literature  and  was  synthesized  tor  the  first  time  by  the  action  of  chlotine  upon 
chlorcaibonic  acid  ethyl  ester  (51  together  with  tbe  a -isomer,  and  also  from  ethylenechlorhydrln  and  phosgene  [61 
According  to  the  literature  data,  the  ester  has  a  b.p.  of  152,5*  and  dj*  1.3825.  . 

B -Chloroisopropylester  of  Chlorocarbonlc  Acid  (II)  This  ester  was  obtained  from  propylene  oxide  and 
phosgene  in  55^  yield.  A  colorbess  liquid  with  b.p.  68-70*  at  70  mm. 

di*  1.1610;  nJJ  1.44619, 

0.2080  g  substance;  0.3734  g  AgCL  Found  Cl  45.00.  C4H4C\Clt.  Calculated ‘Jk:  Cl  45.22. 

Upon  heating  the  ester  wtch  an  aqueous  sclotion  of  potash,  propylenechlorohydrin  resulted,  the  presence  of 
which  confirms  the  written  formula. 

o -Chi orocyc lobe xyl  Ester  of  Chlorocarbonic  Acid  (III).  This  ester  resulted  in  75-80^  yield  from  cyclo¬ 
hexene  oxide.  A  colorless  liquid  *ath  b.p.  108-110*  at  13  mm. 

d“  1.2158.  0.  1938  g  subatince:  0.2708  g  AgO.  Found  .‘Jt:  Cl  35.73.  C,Hi,Oia,.  Calculated*^:  Cl  3C.0 

When  the  ester  was.heated  with  an  aqueous  solution  of  potash,  cyclobexenc  chlorohydrin  resulted,  which 
confirms  the  proposed  formula. 

§..  6 'rDicMorolso propyl  Botr  of  Chlorocarf-ocic  Acid  (IV).  This  ester  resulted  in  80fJ!»  yield  from  cpichloro- 
hydrln  and  phosgene,  a p.  78-80*  at  20  mm. 

d**  1.3736;  ng  1.4804. 

0.1928  g  substance:  0.43C4  g  AgQ.  Found  Cl  55.02.  C4H,OiCl,.  Calculated ‘Jt:  Cl  55.61. 

The  ester  is  described  in  the  literature;  it  was  obtained  from  symmetrical  dichloroiso propyl  alcohol  artd 
phosgene  [7J 

SUMMARY 

1.  The  chlorosubstituted  c&Jorocarbonlc  esters  may  be  synthesized  successfully  by  reaction  of  phosgene  with 
the  corresponding  olefin  oxides. 

2.  The  intermediate  chlorrsated  esters  of  carbonic  acid  do  not  result  from  an  interaction  of  phosgene  and 
olefin  oxides,  which  simplifies  the  purification  of  chlorinated  esters  of  chlorocarbonlc  acid. 

3.  It  IS  most  expedient  to  ccrodense  the  olefin  oxide  with  phosgene  in  ethyl  bromide  solution  which  U 
readily  removed  and  does  not  conunninate  the  principal  reaction  product. 
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THE  AMIDATION  MECHANISM  OF  CARBOXYLIC  ACIDS  BY  AMIDES  OF  SULFURIC  ACID 

A.  V.  Kirianov 


At  the  present  time  enough  factual  material  has  been  accumulated  to  evaluate  possible  amidatlon 
mechanisms  of  carboxylic  acids  by  sulfuric  add  amides  and  to  verify  them  experimentally.  Acid  amides  (1] 
result  during  the  sulfamide  reaction  with  carboxylic  acids,  and  with  dimethylsulfamide  only  the  acid  dimethyl* 
amides  result  [2]:  .  ‘ 

RCOOH  ♦  NH,SOiNl% -►RCONH,  ♦  Nl^SO^OH; 

RCOOH  ♦  NH^SC^NiCH,),  -^RCO^^CH^),  ♦  NH,SO,Oa 

Upon  reacting  diphcnylsulfamide  with  carboxylic  acids,  the  phenylamldes  of  carboxylic  acid  result  f3]; 
RCOOH  ♦  CiHjNHSO^NHCjHj-^RCONHCjH,  ♦  C,l%NHsi^Oa 

All  of  these  reactions  can  be  very  well  explained  if  an  amidatlon  mechanism  similar  to  the  esterification 
mechanism  described  iii  one  of  our  preceding  works  [1]  is  adopted.  According  to  this  mechanism,  the  presence  of 
•’free*  hydrogcnin  sulfamide  is  not  essential,  and  amidation  should  also  proceed  for  quaternary  substituted  sulfam* 
ides.  However,  it  was  determined  that  carboxylic  acids  do  not  react  with  quaternary  substituted  sulfamldes.  Coo* 
sequently,  the  amidation  mechanism  proposed  earlier  is  also  inaccurate. 

Evidently  one  or  two  ”free*  hydrogen  atoms  in  the  sulfamide  molecule  are  indispensable  for  the  amidation 
reaction.  B  was  found  that  the  interaction  of  trisubstituted  sulfamldes  with  carboxylic  acids  proceeds  readily, 
while  in  the  case  of  asymmetrical  dimethylphenylsulfamlde,  a  mixture  of  dlmethylamides  and  phenylamldes 
results: 

RCOOH  4- (CH,),NS<^NHC,H,-^RCON(CH,),  and  RC0NHC*1V 
'  .  -^55<3fc 

Inasmuch  as  only  one  "free*  hydrogen  in  the  sulfamide  is  necessary  and  sufficient,  it 'was  therefore  thought 
that  the  intennednte  products  were  the  acylsulfamides  of  acylamino  acids  (RCONHSO^Nl^  t)r  RC0NHSP|0(H) 
which  are  further  aminolyzed  by  ammonia  or  aminds  at  the  CN  bond  with  amide  and  sulfamino  acid  formation: 

RCO-NHSOjOH  RCO  NHSOwOH 

*  -I  *  I 

i^N-H  Nl%  H  • 

Aminolysis  may  proceed  both  intramolecularly  and  extramolecularly.  The  likelihood  of  such  amitnlysis 
is  confirmed  by  the  fact  that  during  reaction  of  ammonia  or  amines  with  the  chloranhydrides  of  aryl-acylsulfaraino 
acids,  there  occurs  an  analogous  reaction  [4]: 

C.H, 

^^SOjCl  ♦3NH,-^CH,CONl%  t  C,H,NHSOi  ♦  NH4CI. 

CHjCO^ 

The  hypothesis  of  N-S  bond  hydrolysis  is  eliminated  because  if  this  hypothesis  were  true,  then  the  carboxylic 
acid  dlmethylamides  could  not  result  from  amidation  by  asymmetrical  dimethylsulfamides.  For  the  same  reasons, 
sulfanic  acid  (N^^hSOOH)  and  isosulfanic  acid  (NH~SO,)  could  not  become  active  amidailng  agents.  But  isosulfanic 
acid  may  become  a  passive  amldating  agent,  i.e.,  by  removing  water  from  ammonium  or  substituted  ammonium . 
salt. 

This  hypothesis  seems  to  be  somewhat. artificial,  but  has  not  as  yet  been sefuted  experimentally.  However, 
from  the  hypothesis  we  cannot  draw  the  conclusions  that  were  infefred  (and  experimentally  confirmed)  from  the 
theory  which  assumes  that  the  acyl  sulfoaminic  acids  are  formed  as  intermediate  products. 

The  formation  of  acylsulfaminic  acids  can  occur  through  two  mechanisms:  isosulfanic  acid  is  formed  as  an 
intermediate  product: 

RPOOH 

(CH^NSO^NHC»H,  ♦C,H,N=SC^ - RCON(C,H,)SO,OH, 
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ot.  which  U  mofc  piobaMc.  according  to  the  raechanltm  which  li  ilnillar  to  the.  esterification  mechanism,  but 
so'mew’.iii  nliffereni  from  that  earlier  proposed  [11  l.e..  according  to  the  scheme: 


R - ♦NltSO,NH|->'RC-NHSO,NH|-^RC-NHSP|NH| 

hLI. 


-♦-HlO  ♦  RCx^^HSO^NH, -►H*  ♦  RCONHSC^ONH4. 
Aminolyslt  may  proceed  by  the  same  scheme,  l.e.: 


RCNHS(\OH -*'RC*-NHS<^0 


NH, 


I  I 

— R^-NHSPiCr  -^RC-j^HSOjO*  — ♦RCONl^  +  NHjSC^OH. 

1  ♦  ^  ^ 

H,N-H  NH,H 

Thus  it  is  quite  probable  that  amidation  of  carboxylic  acid  by  sulfamides  proceeds  according  to  the  follow¬ 
ing  anechamsm: 

HO  HO 

RCOOH  ♦  NHjSpjNl^  ♦  H‘^-*‘Rc|-NSO,Nl^ ♦  RC0NHS0,0NH4“^RC“NHSP|0‘  ~H?CONH|  +  NH|Sp,OH. 

HO  H  K,N*-H 

This  mechanism  explains  all  of  the  observed  facts  except  one.  If  the  proposed  mechanism  is  correct,  then 
only  dL-nethyUmide  sliould  result  during  interaction  of  diioethylphenylsulfamide  with  th<*  carboxylic  acid,  whereas 
in  actuality  a  mixture  of  both  dimethylamides  and  phenylamides  results.  This  nonconformity  is  explained  by  the 
fact  that  upon  reacting  the  carboxylic  acids  with  unsubstituted  or  asymmetric  di -substituted  sulfamide,  sulfaminlc 
acid  is  formed  as  a  stable,  highly  difficult  to  hydrolyze,  sulfamlnic  acid,  and  the  reaction  of  carboxylic  acids  with 
dimethylphenylsulfamide  results  in  an  unstable  side  product,  phenylsulfaininlc  acid,  which  it  extremely  easy  to 
hydrolyze.  This  acid  is  well  known  in  the  form  of  salts,  but  no  one  as  yet  hat  apparently  Isolated  it  in  the  pure 
state.  Buhner  gives  a  m.p.  above  280*  for  the  phenylsulfaminic  acid,  and  Wohl  and  Koch  report  that  phenylsulfamin 
ic  acid  melts  at  IV  [5]  A  characteristic  property  of  phenylsulfaminic  acid  is  found  to  be  the  tendency  for  hydro¬ 
lysis  of  the  N-S  bond;  consequently  it  might  be  assumed  that  phenyl  sulfamic  acid  would  be  acidolyzed  by  carboxy¬ 
lic  acids,  with  the  formation  of  carboxylic  acid  phenylamides;  CjHjNHSQiOH  ♦  RCOOH -►RCONHCtHj  H1SO4. 
This  hypothesis  was  tested  and  experimentally  confirmed. 

The  ammonium  salt  of  phenylsulfamino  acid  was  obtained  by  reacting  sulfamino  acid  with  aniHne  [6],  and 
without  purification  was  heated  with  p-nltrobenzoic  acid  in  pyridine  solution.  From  this  the  corresponding 
phenylainide  resulted  with  a  yield  about  30<Jb  of  theory.  Thus  the  accuracy  of  the  theoretical  assumption  was  con¬ 
firmed,  and  one  more  way  of  directly  transforming  carboxylic  acids  into  the  phenylamides  has  been  found.  It  is 
possible  that  it  will  find  practical  application,  since  the  arylsulfaminic  acids  in  the  form  of  their  ammonium  salts 
are  cheap  and  easily  accessible. 

Formation  of  phenylamides  from  the  phenylsulfoaminic  acid  and  carboxylic  acids  was  again  confirmed  by  an 
additional  experiment.  A  mixture  of  2  moles  of  p-nitrobenzoic  acid  was  heated  in  pyridine  solution  withl  mole  of 
phenylsulfamide,  p-Niirobenzanilide  resulted  in  73  C'Jfc  yield  by  the  following  scheme: 

2RCOOH  tC  H«NHSO,NHCtH5~*'2RCONHC*H4  +  H,S04, 
and  in  a  yield  of  147.2%  of  theory  based  upon  calculation  according  to  the  scheme 

RCCXDH  ♦C,H5NHSO,NHC*H4-^RCONHC4Hj  ♦CjHjNHSOiOa 

This  can  only  be  explained  by  the  fact  of  phenylsulfaminic  acid  acidolysis  by  the  carboxylic  acid,  with  formation 
oHhe  phenylamide.  Unsubstituted  sulfaminic  acid  and  alkylsulfamlnic  acids  do  not  react,  under  similar  conditions, 
with  carboxylic  acids.  Thus  the  proposed  amldatton  mechanism  fully  explains  all  of  the  known  facts.  But  theory 
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should  not  only  explain,  it  should  also  predict.  Thus,  the  second  stage  of  the  reaction  Is  found  to  be  amlnolysls  of 
acylsulfbaminic  acid  according  to  the  scheme: 

RCO-NHSO^OH 

♦  — ►WCONl^  ♦  Nl^SC|OH. 

f^N-  H 

Therefore,  the  first  deduction  lx:  If  the  amldatlon  reaction  is  carried  out  with  an  unsubstituted  sulfamide  in  the 
presence  of  an  •auxiliary"  amine,  then  a  substituted  amine  should  result,  for  example: 

RCOOH  ♦  Nl^SO^NH,  -•'RCONHSPiONKi: 

RC0NHSC^0NH4  ♦  -^RCONHC*H,  ♦  NHjSC^ONHi. 

This  deduction  was  confirmed  In  the  case  of  sulfamide-p^itrobenzoic  acid*anillne.  Calculated  on  the  basis  of  p- 
niirobenzoic  acid  which  entered  into  reaction,  there  was  obtained:  phenylamide,  58%  of  theoretical,  unsubstituted 
amide  *->  abou'  36%  of  the  theoreticaL 

\ 

Production  of  the  phenylamide  may  also  be  explained  by  the  fact  that  the  aniline  reacts  with  sulfamide  to 
give  phenyl  sulfamide  and  diphenylsulfamide,  which  then  phenylamldates  the  acid: 

2 RCOOH  ♦  C4l^NHSO,NHC*Hj-^  2RCONHC4H,  ♦  1^804. 

Experiment  (see  experimental  portion  f7])  hw;  shown  that  the  reaction  indeed  does  4:lso  proceed  in  this  direction, 
but  even  under  conditions  considerably  more  favorable  for  sulfamide  phenylatlon,  only  14%  diphenylamide  is  formed 
and  can  only  produce  at  the  utmost  about  21%  of  phenylamide.  However,  in  actuality  this  quantity  is  much  smaller, 
since  the  rate  of  reaction  of  acid  with  sulfamide  is  much  higher  than  the  sulfamide  reaction  rate  with  aniline.  HeiKe 
If  follows  that  the  main  bulk  of  phenylamide  is  formed  at  the  expense  of  phcnylaminolysis  of  acylsulfaminlc  acid. 

Moreover,  the  phenylamide  formation  can  be  explained  by  a  reamidation  of  unsubstituted  amide  during  re> 
action  with  aniline.  Specially  arranged  experiments  indicated  that  under  the  specified  conditions  reaction  does  not 
proceed  significantly. 

Second  deduction:  During  reaction  with  prepared  acylsulfaminic  acids  of  ammonia  (or  of  amines)  the 
amides  (or  substituted  amides)  of  the  carboxylic  acids  and  of  sulfaminic  acid  strauld  result: 

RCONHSO^OH  ♦  -♦RCONHC*H|  ♦  Nl^SOjOa 

Tltis  hypothesis  was  experimentally  verified  by  heating  benzamide  and  betalnopyridiniura-sulfamlnic  acid 
mixture  [8]  to  obtain  the  pyridine  salt  of  benzoyl  sulfaminic  acid.  The  reaction  mixture  (without  isolation  of  the 
benzoybulfaminic  acid)  was  heated  with  anUine.  About  70%  of  the  theoretical  quantity  of  benzanilide  (calculating 
on  the  basis  of  benzamide  cratering  into  reaction)  was  isolated.  It  follows  that  the  second  deduction  is  also  experi¬ 
mentally  confirmed. 

Thus  the  proposed  theory  for  the  amldation  mechanism  of  carboxylic  acids  by  sulfamides  not  only  confirmed 
all  known  experimental  data,  but  also  gave  an  opportunity  for  predicting  two  new  reactions;  therefore  there  are 
grounds  to  believe  that  the  proposed  mechanism  is  correct. 

EXPERIMENTAL 

Interaction  of  Tetra substituted  Sulfamides  with  Carboxylic  Acids.  ,\cetic  and  benzoic  acids,  symmetrical 
dimethyldiphenylsulfamide  [7],  diethyldiphenylsulfamide  and  teuamethylsulfamide  [9]  were  selected  as  the  ex¬ 
perimental  compounds.  Six  experiments  in  all  were  carried  out,  of  which  one  is  described  in  detail,  namely  the 
interaction  of  benzoic  acid  and  dimethyldiphenylsulfamide. 

0.01  mole  of  dirrethyldiphenylsulfamide  (2,76  g),  0.01  mole  of  benzoic  acid  (1.22  g)  and  5.0  ml  of  dry 
pyridine  mixture  wae  heated  tor  4  hours  with  a  reflux  condenser  on  an  oil  bath  at  116*.  The  reaction  mixture 
remained  transparent,  and  the  yellowing  was  hardly  noticeable.  The  pyridine  was  distilled  off  in  vacuo,  the 
crystalline  residue  was  treated  with  15  ml  of  1  0  N  caustic  soda  solution,  and  then  with  IDO  and  with  50  ml  of 
ether.  The  ether  solution  was  dried  with  Na,S04.  and  the  ether  was  distilled  off.  The  crystalline  residue  was 
dried  over  H,S04  in  vacuo  of  0.5  mm  for  24  hours  and  represented  pure  dimethyldiphenylsulfamide.  Yield  was  2.74 
8  (99.2%  of  the  quantity  taken),  m.p.  95.5-97. 0^  a  sample  mixed  with  known  dimethyldiphenylsulfamide  melted 
at  96. 0-97.0*  (uncorrected). 
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The  alkaline  solution  was  acidified  wiih  10.0  ml  of  2.0  N  hydrochloric  acid,  and  the  benzoic  acid  was  ex¬ 
tracted  with  ether.  The  ether  solution  was  dried  with  Na,S04,  the  ether  distilled  off.  and  the  residue  dried  over 
1^S04  in  vacuo  of  0.5  mm.  The  yield  of  benzoic  acid  was  1.20  g  (98.2^  of  the  quantity  taken),  m.p.  119-120  ,  a 
sample  mixed  with  known  benzoic  acid  melting  at  119.5-121*. 

The  remaining  five  experiments  were  carried  out  under  the  same  conditions.  In  all  cases  the  tetrasubsituted 
sulfamides  were  recovered  in  quantities  amounting  to  99. 1 -99. 4*^, of  the  original,  benzoic  acid  in  quantities  of 
97.8-98.5^  of  original.  Acetic  acid  was  not  separated. 

Reaction  of  Dimethylphenylsulfamide  with  Benzoic  Acid.  0.01  mole  of  dimethjlphenylsulfa.nlde  ^  (2.0  g). 

0.01  mole  of  benzoic  acid  (1.22  g)  and  5.0  ml  of  d»y  pyridine  were  heated  for  3  hours  on  an  oil  bath  at  115*.  The 
pyridine  was  distilled  off  in  vacuo  and  the  residue  was  treated  with  150.0  ml  of  ether  and  10  ml  of  2.0  N  HCl. 

After  vigorous  shaking,  the  ether  solution  was  separated,  washed  three  times  with  1.0  ml  portions  of  water,  then 
with  15  ml  of  1.0  Ncaustic  soda  solution,  dried  with  Na,S04  and  evaporated  to  dryness.  The  residue  consisted  of 
1.42  g  of  benzanilide  and  benzdimethylamide  mixture.  'For  separation,  the  mixture  of  amides  was  treated  with  30 
ml  of  petroleum' ether* (b.p.  85-^5*)  in  which  the  benzdlmcthylamidei  is  very  readUy  soluble,  and  the  undissolved  ben¬ 
zanilide  was  filtered  off  with  suction  and  washed  3  times! with  1.0  ml  portions  of  petroleum  ether.  Yield  0,65  g  (33.0^ 
of  theoretioa!).  After  recrystallization  from  alcohol,  large  lustrous-flakes  resulted,. m.p  161-162  (upcorrected),  which 

did  not  give  depression  with  authentic  benzanilide.  ^ 

The  filtrate  was  ueated  with  0.1  g  of  activated  charcoal  and  evaporated  in  vacuo.  The  resulting  colorless 

oil,  upon  addition  of  benzdimethylamide  seeder  crystallized  immediately  to  a  completely  dry,  crystalline  mass. 

Yield  was  0.75  g  (S0.2<5tof  the  theoretical),  m.p.  39-41*  (uncorrecred),  which  did  not  give  depression  with  aa 
authentic  saniple  of  benzdimethylamide. 

Reaction  of  Dimethylphenylsulfamide  with  p-Nitrobenzoic  Add,  0.01  mole  of  dimethylphenylsulfamide 
(2.0  g),  0. 01  mole  of  p-nitrobenzoic  acid  (1.76  g)  and  5.0  ml  of  pyridine  mlxturewcre  heated  for  3  hours  on  an  oil 
bath  at  115*.  After  distilling  off  the  pyridine  In  vacuo,  10.0  ml  of  1.0  N  caustic  soda  solution  and  40.0  ml  of 
water  wac added  to  the  residue.  After  20  minutes,  the  fine,  crystalline  precipitate  was  filtered  off  with  suction  and 
washed  4  times  with  5.0  ml  portions  of  water.  The  precipitate  (0.99  g)  consisted  principally  of  p-nitrobenzoic  acid 
phenylamide.  but  also  contained  a  certain  amount  of  dimethylamide.  A  considerable  quantity  of  dimethylamide 
was  present  in  the  aqueous  filtrate  which  was  extracted  three  times  with  5  ml  portions  of  ether.  The  ether  solution 
was  dried  with  N32SO4  and  the  ether  distilled  off.  The  residue  was  dried  in  vac’io  over  sulfuric  acid.  After  drying, 
0.93  g  of  crude  dimethylamide  of  p-niuobenzoic  acid  resulted. 

» 

The  phenylamide  and  the  dimethylamide  were  separated  by  the  use  01  petroleum  ether  (b.p.  85-95"). 

Tne  mixture  of  amides  (0.99  g)  was  boiled  with  75  ml  of  petroleum  ether,  the  undissolved  phenylamide 
removed  by  suction  at  the  boiling  point  and  washed  3  times  with  5  ml  portions  of  boiling  petroleum  ether.  0.70  g' 
(28.9J)  theoretical)  of  p-nitrobenzoic  acid  phenylamide  resulted,  in  the  form  of  a  dirty-gray,  fine  crystalline  powder 
with  m.p.  208-210*.  After  recrystallization  from  15  ml  of  butanol,  the  phenylamide  resulted  in  the  form  of  almost 
colorless,  large,  flat  needles  with  m.p.  210-211*  (uncorrected),  which  did  not  give  a  depression  with  known  p-nitro- 
benzanilide. 

To  remove  the  phenylamide  frem  the  petroleum  ether  solution.  0.2  g  of  activated  charcoal  was  added  to  the 
solution,  cooled  to  75*,  arxi  filtered  at  the  same  temperature.  After  cooling,  the  p-nitrobenzoic  acid  crystals  crys¬ 
tallized  out  in  the  form  of  thin,  colorless  needles. 

The  crude  dimethylamide  (0.98  g)  was  also  crystallized  from  75  ml  of  boiling  petroleum  ether  with  addition 
of  0.2  g  of  activated  cb.arcoal  and  filtraion  at  75*.  The  total  yield  of  dimethylamide  was  1.20  g,  i.e.,  61.9*5^  of  the 
theoretical  qu^-tity,  m.p.  93-95*  (uncorrected),  which  did  not  give  depression  with  authentic  p-nitrobenzoic  acid 
dimethylam.de 

Synthesis  of  The  Phenylsu'.faminic  Acid  Ammonium  Salt.  0.2  mole  of  freshly  distilled  aniline  (18.6  g)  was 
heated  on  a  wire  screen  in  a  conical  flask  of  50  ml  volume,  and  to  the  aniline  was  added  in  small  portions,  with 
very  vigorous  hand  shaking,  over  a  period  of  10-15  minutes,  finely-ground,  dry  sulfamlnic  acid  in  the  amount  of 
.  mole  (9  7  g)  Care  was  taken  that  the  sulfaminic  acid  did  not  adhere  to  the  bottom  and  to  the  walls  of 
the  flask.  During  the  addition  of  sulfaminic  acid,  the  temperature  of  the  reaction  mixture,  as  measured  by  a 
thermom  ..  unmersed  in  it,  was  maintained  in  the  range  160-170*.  After  all  of  the  sulfaminic  acid  had  been  added, 
e  reactmn  mixture  was  boiled  gently  for  5  minutes.  After  cooling,  the  reaction  mixture  crystallized  to  a  light 
P  .  so  1  mass.  To  remove  aniline,  the  mixture  was  washed  3  times  wifh  30  ml  portions  of  dry  benzene,  each 
mixing  t  e  whole  mass  thoroughly.  The  viscous  mass  after  a  third  washing  became  crumbly  and  hard.  After 
IS  1  ^  K  filiered  off  with  suction  and  washed  on  the  filter,  mixing  thoroughly  each  time,  with 

15  ml  portions  of  benzene,  and  3  times  withlSml  portims  rf  absobte  ether.  Following  this  the  product  was  dried  in 
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vacuo  ovef  sulfuric  acid.  The  crude  anjmoamia  salt  of  phenylsulfamlnlc  acid  represented  a  fine  crystalline, 
almost  colorless,  powder.  Yield  was  17.0  g  (89.4^  of  the  theoretical). 

Reaction  of  Phenylsulfaminic  Acid  Ammonium  Salt  with  p-Nitrobenzoic  Acid.  0,01  mole  of  pHiitrobenzoic 
acid  (1.67  2)  and  5.0  ml  of  dry  pyridine  were  heated  to  the  dissolution  of  the  acid,  and  to  the  solution  was  immedi¬ 
ately^  added,  with  vigorous  hand  shaking,  0,01  mole  crude  ammonium  salt  of  phenylsulfaminic  acid  ^1.9  g).  The 
salt  at  first  dissolved  immediately,  and  then  rapidly  precipitated  considerable  sediment,  ard  the  mixture  became 
yellow.  The  reaction  mixture  was  heated  for  2  hours  on  a  reflux,  in  an  oil  bath  at  list  During  that  tune  the  sedi~ 
ment  almost  completely  went  into  solution  but  the  liquid  ri  .named  turbid.  TTie  pyridine  was  distilled  in  vacuo, 
and  to  the  residue  was  added  25,0  ml  of  l.O  N  cau:tic  soda  solution,  tlie  finely,  crystalline,  almost  colorless  precipi¬ 
tate  filtered  off  with  suction  and  washed  4  times  with  5  ml  portions  of  waiet.  Yield  of  p  n*trobenzoic  acid  {^nyl- 
amide  was  0.75  g  (30.  of  theoretical),  m  p  206  208‘.  after  tecrystallizatiou  from  15  ml  of  butanol  -  large,  fiat 
needles,  m  p.  210-211*;  did  not  give  depresstor  with  known  p-nitiobenzanilide. 

Irteraction  of  Diphenylsulfamide  ‘cTh  Two  Molecules  of  p-Nitrobenzoic  Acid.  0  01  mole  of  p-nitrobenzoic 
acid  (1.67  g),  0.005  mole  of  diphenylsulfamide  (1.24  g)  and  5.0  ml  of  dry  pyridine  mixture  wee  heated  for  6  hours 
on  an  oil  bath  at  115*.  The  pyridine  was  distilled  off  in  vacuo,  and  to  the  residue  was  added  25.0  ml  of  caustic 
soda  solcfon.  After  15  minutes  the  crystalline  precipitate  was  filtered  off  with  suction  and  washed  4  times  with 
5.0  ml  portions  of  water.  The  crude  p-nitrobenzanilide  -  fine  gray  crystals  with  m.p.  208-210*  -  did  not  give  a  de¬ 
pression  with  known  nitrobenzanilide.  Yield  1.78  g,  i.e,,  147  2%  of  theory,  calculating  on  the  basis  of  the  general 
scheme  of  amidation,  or  73,G^of  theory,  considering  that  the  phenylsulfaminic  acid  is  also  an  a.ndatmg  agent. 

After  recrystallization  from  25  0  ml  of  butanol,  large,  flat  needles  resulted  with  m  p,  210-211* 

Interaction  of  Sulfamide  p-Nirrobenzoic  Acid  and  Aniline.  0.01  mole  of  sulfamide  (0.96  g),  0  02  mole  of 
amline  (1,86  g).  0.01  mole  of  p-nitrobenzoic  acid  (1  67  g)  and  5  0  ml  of  dry  pyridine  mixture  were  beared  for  3  boun 
on  an  oil  bath  at  115*.  The  pyridine  was  distilled  off  in  vacuo,  and  »o  the  residue  was  added  25  ml  of  2.0  N  hydro¬ 
chloric  acid.  The  precipitated,  finely  crystallire,  almost  colorless  crystals  were  washed  4  tunes  with  5.0  ml  por¬ 
tions  of  water,  and  then  treated  on  the  funr^l  with  10.0  ml  of  1  0  N  caustic  soda  solution,  ard  again  washed  4  times 
with  5  ml  portions  of  water.  From  the  alkaline  filtrate  upon  acidification  0.12  g  separated  ve..  7.2^ on  the  basis 
of  p-nittcbenzoic  acid  used  M  p  234-236*  did  rot  give  a  depression  with  known  p-nitrobenzoic  acid.  1.86  g  of 
product  insoluble  in  alkali,  was  obtained,  i  e..  ll^Jb  of  theory  on  the  basis  of  amide:  on  the  basis  of  phenylamide  — 

76  VJa  of  theory  The  product  melted  slowly  in  the  range  170-191*,  and  represented  a  mixture  of  amide  and  phenyl¬ 
amide  To  separate,  all  of  the  mixture  (1  86  g)  was  boiled  with  100  ml  of  water,  the  undissolved  portion  (phenyl¬ 
amide)  filtered  off  from  the  boiling  solution  with  suenon  and  washed  twice  with  5  ml  portions  of  boiling  water. 

1.2  g  of  crude  p-nitrobenzanilide  with  m  p  199-205*  resulted;  meltmg  point  of  the  mixed  sample  with  p-nitrobera- 
amide  was  160-190*.  After  recrystallization  from  25  ml  of  butanol  large  flat  r»eedles  resulted,  with  m.p.  210-211*. 

The  aqueous  filtrate  from  p -nitrobenzanilide  was  headed  to  boiling  cooled  to  75*  and  at  the  same  time  a 
small  quantity  of  very  fine  crystals  separated  out,  which  were  filtered  off  After  cooling,  very  nee  long  needles  of 
p-nitrob<ep.2amide  separated  out  Yield  was  0  36  g.  m  p  195  107*:  mixed  sample  with  known  p  nitrobenz amide  melted 
at  19  -197*  Thus,  the  loss  upon  separation  and  crystallization  constituted  0,3  g.  Insofar  as  t^le  unsubstituted  amide  is 
more  readily  soluble,  this  accounts  for  the  loss  of  0  2  g  and  for  the  phenylamide  0  1  g  Accordingly,  the  total  yield  of 
phenyla.mide  was  about  1  3  g.  i  e  about  50*7;  of  theory,  calculating  on  the  basis  of  p-nitrobenzoic  acid  entered  into  re¬ 
action.  and  Uie  yield  of  unsubstiiuted  amide  about  0  53  g  about  30^-  theoretical,  calculatirg  also  o.n  the  basis  of  p- 
nitrobenzoic  acid^eniered  into  reac  non  ,  ,  .  ^  # 

Phenylation  of  Sulfamide  by  Aniline  m  Pyridine  Solution,  0,01  mole  of  sulfamide  (0,96  g),  0.02  mo.e  of 

anil  me  (1  86  g)  and  5.0  ml  of  dry  pyridine  mixture  we  c  heated  for  6  hours  on  an  oil  bath  at  115  .  The  pyridine  was 
then  distilled  off  in  vacuo,  and  to  the  residue  was  added  15  0  ml  of  2  0  N  hydrochloric  acid  and  the  liquid  extrac¬ 
ted  3  tiimes  with  50  ml  portions  of  ether!  The  ether  extracts  were  washed  three  times  with  3  ml  portions  of  water 
and  then  extracted  by  5  ml  of  1  0  N  caustic  soda  solution  2,0  ml  of  10  0  N  sulfuric  acid  was  added  to  the  alkaline 
extract,  at  which  time  an  oil  separated  which  rapidly  crystallized  The  product  was  filtered  off  with  suction,  washed 
with  water  and  dried  in  air  The  yield  of  diphenylsulfamide  was  0  35  g  (14  l^ooi  theory)  m  p  108-111  ,  and  did 
not  give  depression  with  known  sample  of  diphenylsulfamide  The  aqueous  mother  liquor  contained  mono  phenyl  sulf¬ 
amide  A  berter  yield  resulted  when  sulfamide  was  heated  with  a  very  large  excess  of  aniline  (10  0  ml  of  aniline 
for  0  01  mole  of  sulfamide)  at  115!  According  to  A  Paquir  (7J,  diphenylsulfamide  results  in  84‘J»  yield  upon  heat- 
ing  equiiiiolecular  quantities  of  aniline  and  sulfamide  at.120’155*  for  5  5  hours.  This  is  inaccurate,  since  under 
such  conditio';s  only  10-15^  of  diphen^sulfanide  results. 

Interaction  .if  p-Ni^robenz amide  ard  Aniline  m  Pyridine  Solution  0.01  mole  of  p  nitrobenzamide  (1.66  g) 
0.02  mole  of  aniline  (1  86  g)  and  5  0  ml  of  dry  pyridine  mixture  wcie heated  for  3  hours  on  an  oil  bath  at  115*.  The 


pyridine  wai  distilled  off  in  vacuo,  the  residue  was  treated  with  25.0  ml  of  2.0  N  hydrochloric  acid  and  after  10 
minutes  the  undissolved  crystalline  precipitate  wa^  filtered  off  with  suction  and  washed  4  times  with  5  ml  portions 
of  water.  l.'»l  R  of  p*nitrobenzamide  resulted,  with  m.p.  195*197*,  which  did  not  give  depression  with  known  p- 
nitrobenzamide.  y 

Benzoylsulfaminic  Acid  Interaction  with  Aniline.  0.01  mole  of  betainopyridinium-sulfaminic  acid  (1.59  g; 
and  0,01  mole  of  benzamide  (1.21.  g)  mixture  was  heated  on  an  oil  bath  to  melting  at  160*,  plus  an  additional 
minute  [8).  To  the  resulting  melt  was  then  added  0.02  mole  of  aniline  (i.86  g)  and  the  mixture  was  heated  on  an 
oil  bath  at  120*  for  2  hours.  After  cooling,  20  ml  of  water  was  added, ,  the  fine  crystalline  precipitate  was  filtered 
off  with  suction  and  then  washed  twice  with  5  ml  portions  of  water,  once  with  5  ml  of  1.0  N  soda  solution,  4  times 
(in  5  ml  portions)  with  water  and  3  times  with  1  ml  portions  of  alcohol.  The  yield  of  benzanilide  was  0.35  g  (TO.d'Ji 
of  theory,  base^  upon  benzamide  entered  into  reaction),  ,m.p.  160-161*,  and  did  not  give  depression  with  known 
beiuanilide.  After  recrystallizing  horn  5  ml  of  alcohol,  the  benzanilide  resulted  in  the  foim  of  large  lustrous 
flakes,  with  m.p.  161-162*. 

The  aqueous  filtrate  horn  the  benzanilide  was  acidified  with  hydrochloric  acid  to  an  acid  reaction  with 
ODngo,  and  extracted  5  times  (in  50  ml  portions)  with  ether.  The  ether  extracts  were  dried  with  Na^SO^,  the 
ether  distilled  off  to  a  volume  of  about  5  ml  and  the  brge  transparent  prisms  which  separated  out  were  washed  3 
times  with  1  ml  portiem  of  ether.  Yield  of  benzamide  was  0.75  g,  m.p.  126-127*,  and  did  not  give  depression 
with  known  benzamide.  From  the  ethereal  mother  liquor  an  additional  0.16  g  of  benzamide,  with  m.p.  122-126*, 
was  isolated.  Total  yield  of  benzamide  was  0.91  g  (75^  of  the  initial  quantity). 

SUMMARY 

A  theory  for  the  amidation  mechanism  of  carboxylic  acids  by  sulfuric  acid  amides  has  been  proposed  and 
experimentally  confinr.ed. 
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THE  ABNORMAL  REDUCTION  OF  d -SUBSTITUTED  PROPIONITRILES 
ACCORDING  TO  VYSHNEGRADSK Y 

A.  N.  Ko$i  and  V.  G.  Yashunsky 


The  method  of  reducing  organic  compounds  by  the  use  of  metallic  sodium  in  an  alcoholic  medium  was  . 
proposed  for  the  first  time  in  ISTJ  by  a  student  and  co-worker  of  A.  N.  Butlerov  -  a  Russian  scientist  by  the  name 
of  A.  N.  Vy’shnegradsky  [IX  Wliile  studying  alkaloid  structure.  Vyshnegradsky  obtained  ethylpiperidine  from 
ethylpyndme  by  this  method.  His  untimely  death  in  1880  disrupted  these  brilliant  experiments.  In  1884,  a 
German  scientist,  Ladenburg,  applied  the  Vyshnegradsky  method  to  the  reduction  of  other  pyridine  homologs,  and 
having  somewhat  modified  the  method  of  synthesizing  bases,  anributed  this  discovery  to  himself  [2X  The 
Vyshnegradsky  method  was  extended  further  to  include  various  classes  of  organic  compounds.  It  was  found  that 
not  only  could  heteiccyclic  bases  of  the  pyridine  or  quinoline  type  be  reduced,  but  also  niuiles,  oximes,  amides, 
ketones,  lactones,  esters, halogen  derivatives,  certain  aromatic  compounds,  and  others.  At  the  present  time  the 
Vyshnegradsky  method  is  widely  used  by  chemists  for  the  investigation  of  organic  chemical  structure, or  for  pre¬ 
paratory  purposes.  The  qualitative  determination  of  halogens  according  to  Stepanov  is  based  upon  this  method. 

A.  N.  Vyshnegradsky’s  priority  Is  unquestionable:  however,  this  method  is  frequently  attributed  to  Ladenhirg..  or 
even  to  ^vo,  while  the  latter  only  applied  the  Vyshnegradsky  method  to  the  reduction  of  esters  [3X 


In  the  preceding  articles  [4.5]  several  examples  of  the  application  of  Vyshnegradsky’s  method  to  the  syn¬ 
thesis  of  certain  diamines  from  aminonitriles  was  described.  At  the  same  time,  the  authors  pointed  out  some 
instances  of  abnormal  reactions,  namely  that  small  additions  of  potassium  to  sodium  markedly  lower  amine  yields, 
but  when  the  potassium  content  reaches  2^0,  the  yield  again  increases  [6X 

Reduction  of  nitriles,  according  to  Vyshnegradsky.  proceeds  differently,  depending  upon  the  initial  nitrile 
structure.  It  is  known  that  upon  reduction  by  sodium  in  alcohol,  some  nitriles  become  split  at  the  CN  groups  with 
formatico  of  the  corresponding  hydrocarbon  ♦  sodium  cyanide.  Thus  Walter  and  McQvain  [7],  by  reduction  of 
bcnzonitrile,  obtained  benzylamine,  but  only  in  7^  yield,  and  from  phenylacetonitrile  they  obtamed  toluene  (In 
yield).  Likewise,  during  the  reduction  of  diphenylacetonitnle,  there  was  obtained,  along  with  the  corres¬ 
ponding  amine,  a  considerable  quantity  of  diphenylmethane  [8X  During  the  reduction  of  a-aminoi$obutyronitrile, 
Iropcopylamine  was  isolated  [9],  and  the  nitrile  of  a-phenylcinnamic  acid  converted  almost  completely  into  tt.B- 
diphenylethane  [10]. 

% 

The  authors  have  indicated  earlier  that  an  eight-membered  piperazine  analog  results  from  dicyandiethyl- 
amine,  namely,  1,5-diazacyclooctane  [5],  It  was  of  interest  to  reduce  other  dinitriles  of  the  same  type  under  the 
same  conditions:  NCCHjCHjXCHjCHjCN.  where  X  =  CH,.  O.  S.  During  reduction  of  pimilonitrile  (X  =  CH,).  the 
authors  did  not  succeed  in  isolating  the  cyclic  compound,  and  instead  heptamethylenediamine  resulted  in  72*^  yield, 
which  corresponded  to  the  data  of  Brown  [11).  During  reduction  cf  fl.fl ’-dicyandiethylester  (X=0) 
by  sodium  in  butyl  alcohol,  the  authors  d  id  not  obtain  a  fraction 

corresponding  to  the  linear  diamine,  but  rather  a. considerable  quantity  of  lower  boiling  substance  resulted,  which, 
from  the  constants  and  by  analysis,  was  erroneously  taken  by  the  authors  to  be  the  cyclic  amine,  i.e.,  l-oxy-5- 
azacycloocrane  [12)  However,  when  the  authors  reduced  B,S*-dicyandiethyisulfide  (X~  S)  under  the  same  condi¬ 
tions.  It  was  then  found  unexpectedly  that  the  reaction  product  was  exactly  identical  with  the  one  resulting  from 
reduction  of  its  oxide  analog  By>an  investigation  of  the  structure  through  Its  spectrum  and  by  alternate  synthesis, 

It  was  established  in  both  cases  a-butoxypropylamine  resulted  (with  yields  of  58.C  and  21. respectively). 


Ci^Ch^CN 


Cl^CHCN 


C4HPH  C^H^OaijCHiCHjNH,  ^ 


^I^CHjCN 


^CHjCHjCN 


Seeger  [13]  observed  a  similar  phenomenon  when  heating  esters  and  nitriles  of  0-alkoxypropionic  and  butyric 
acids  with  alcohols  in  the  piesence  of  metallic  sodium.  He  found  that  there  occurs  an  exchange  of  the  alkoxy 
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group  for  the  wdlcal  of  the  alcohol  Introduced  Into  the  reaction.  Thus  from  a  4*hour  heating  of  1  mole  of  a-me»h- 
oxylJobutyronltrlle,  5  moles  of  allyl  alcohol  and  5  g  of  metallic  sodium  mixture,  a-allylhydroxylsobutyronltrUe  was 

Isolated. 

A  comparatively  easy  cleavage  of  the  dlcyandlethyl  ester  was  observed  earlier  during  catalytic  hydrogenatloj 
Thus,  Whitmore  and  his  co-workers  [14]  found  that  upon  hydrogenating  this  dlnltrUe  over  nickel  catalyst,7,y- 
dlamlnodlpropyl  ester  resulted;  later,  however.  It  was  found  that  In  reality  a  mixture  of  Ills  diamine  with  propanol- 
amine  Is  formed  [IS], 

The  authors'  experiments  have  shown  that  upon  reduction  with  sodium  In  alcohol  of  the  corresponding  sul¬ 
fide  of  the  dlcyandlethyl  ester,  cleavage  occurs  at  the  C-0  or  at  the  C-S  bonds.  The  nlulle  group  Is  reduced  only 
after  addition  of  the  alcohol.  The  linear' amine,  even  upon  thorough  search,  was  not  found  by  the  authors. 


Cl^CH,CN  p  -C1%CH|CN  -j 


‘\ 


CHtCH^CN 


L-: 


XCl^Cl^CN  J 


C4H^HCHCN 

} 


C4HpCl^Cl%Cl^Nl% 


For  an  explanation  of  the  transformation  mechanism  which  occurs,  the  authors  have  used  simpler  forms, 
namely  the  0-a}<oxyproplonitrlles.  It  was  found  that  If  a  proplonltrlle  was  used,  with  the  same  S-elkoxy  group 
as  for  the  alcohol  in  which  the  reaction  was  carried  out,  that  a  normal  reaction  product  will  result  In  the 
Vyshnegradsky  reaction,  l,e.,  the  amine  corresponding  to  the  nitrile  introduced,  for  example,  0 -ethoxy propionJtrile 
In  ethyl  alcohol  gives  y  -ethoxypropylamlne. 

In  the  case  where  alkoxynltrile  and  alcohol  radicals  did  not  coincide,  then  In  the  final  outcome,  0-alkoxy- 
propylamlne  with  the  alkoxy  group  of  the  alcohol  was  formed  In  the  reduction. 

Thus,  upon  reducing  0-methoxypropionitrile  arid  0-(0-hydroxyethoxy)-proplonitrllc  In  n-butyl  alcohol,  the 
authors  isolated  in  both  cases  y-butoxypropylamine.  Upon  reducing  0-phenoxyprcpionltrile  in  ethyl  alcohol,  the 
authOB  obtained  y-ethoxypropylamine  in  55^  yield,  while  at  the  same  time  In  almost  all  cases  the  normal 
reaction  products  were  not  found  (Table  1). 


TABLE  1 

Reduction  of  0-AIkoxyixopionItrlles 


Alcohol 

in  which 
reduction 

was  car¬ 
ried  out.  * 

1  initial  alkoxy- 
!  nitrile 

j  ROCl^CHjCN 

1  '*= 

1 

resulting  amine 
ROCHjCHjNl^ 

Rs 

boiling  point  j 

_ J 

picrate 

melting 

point 

1 

I 

1 

i 

'  yield 

CQ 

i 

1 

(mm)  i 

ethyl 

C,H, 

CjH,* 

54-55 

39  i 

1 

48.2 

ethyl 

C,H, 

CjH, 

59y60 

48  j 

1 

55.5 

Isopropyl 

iso-CjHj 

iso-C|H; 

74-75 

68  1 

— 

21.5 

n-butyl 

n-C4H, 

n-C4H, 

80-81 

24 

96* 

50.5 

n-butyl 

CH,  j 

n-C4H, 

69-70 

18 

96* 

25.8 

n-butyl 

HOCHjCf^  1 

n-C4H, 

1  57-58 

8 

95.5* 

29.4 

isoamyl 

iso-CsHj  i 

1 

iso-CjHa** 

82-83 

20 

104* 

51.6 

An  even  more  simple  example  seems  to  be  that  of  ethylenecyanhydrln  (i.e.,  0-hydroxypropionitrile),  while 
at  the  same  time  there  are  data  in  the  literature  only  for  its  catalytic  hydrogenation  [16]. 

The  authors  reduced  6-hydroxypropionitrile  with  sodium  In  a  number  of  alcohols  (Table  2)  and  found  that 
in  aU  cases  the  y-alkoxypropylamines  with  the  alkoxy  groups  of  the  alcohol  used  were  formed: 

Na 


HOCH^Cl^CN 


ROH 


ROCH,CI^CH,Nl%. 


taedTbltf  wI.T-  "hyl  ilcohol.  .pan  from  the  corte, ponding  .mine,  the  .uthor.  Iw- 

diamine  stniciure  tf  iti  f  **  xtuhnled,  on  the  hash  of  constanlt  and  of  analyiU,  the 

lamine  structure  resulting  from  reduction  of  cyanethylated  y -ethoxypropylamlne: 

(see  next  page  for  continued  footnotes) 
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In  every  c**c.  Hie  authors  failef  to  isolate  y^propacolanmne  and  other  bates  from  the  reaction  products. 

The  explanation  for  the  trans¬ 
formations  during  reduction  by  sodium  in 
alcohols  of  0>alkoxypropionitrilet  can  be 
given  in  two  ways:  either  by  direct  realkyl¬ 
ation  of  alkoxynitriles.  or  by  intermediate 
formation  of  acrylonitrile,  when  this  adds  to 
the  alcohol  which  hat  been  used  as  the 
medium  for  the  reaction,  thus  giving  the 
corresponding  alkoxynluile.  Subsequent 
reduction  of  the  S-alkoxynitrlles  thus 
formed  leads  to  the  y  alkoxyamines. 

1  ROCHjCHjCN+R'OH^^^R'OCl^CHjCN-^ 
R’OCHjCHCHNl^; 

IL  ROCH,Cl%CN-**ROH  ♦CH,  =CH-CN; 

Ci^  =  CH-CN+R‘CH  -Hi*cx:r^CH^CN; 


S-HydroxyrropiooiTrlte  Reduermm 

alcohol  :  resulang  amine  ••  i>oili»s5  point  of  annine 

in  which  I  ROCfV^^Nf%i: 

reduction  !  R  «  r - - - - 


'nnm' 


ethyl 

isoprop^  iso-CyHr 
n-butyl  .  nC^H, 
isobutyl  iso<:;^H** 
Isoamyl  .  iso-Cji^ 


R‘CX:i^CH^CN  — ►  R’OCHjCi^Cl^NH^. 


The  second  reaction  (lour^e  seensed  iiiErc  probable  rto  the  auihoev  This  also  confums  the  r^uction  experiments  of 
0-chloipropionitriJe  lit  butyl  aloobol.  The  authots  usolated  j-buitoxypropylamine  in  68^  yield,  and  some  quantity 
of  propylamine,  i.e.,  the  reactuos  cotese  was  as  QiifioifS: 


C4H/X:H,Ci%CN 


ClCH,CiV:N 


^  CH^H|Q^NF%  C4HpCH,CH,CH|Ni^. 

To  verify  tbest  assumpmois  tht  authors  rohuced  acryksnutrile  with  sodium  in  a  number  of  alcohols.  As 
was  to  be  expected,  niie  principad  reduinon  products  were  found  to  be  y  alkoxypropylamine,  conesponding  to  the 
alcohols  used. 


From  these  r»penmenra3  lestOtr  if  was  found!  possible  ro'  imake  a  deduction  concerning  the  transformation 
mechanism  which  onmrs  in  the  abnorrral  Vyshnegraidsky  reacocm  as  discovered  by  the  authors.  Under  the  authors* 
conditions,  0-hydrovipropiontrrije  ispirtially  de&wdrogena^eti.  and  the  resulting  acrylonitrile  reacts  further 
according  to  the  schsiie  given:  Low  yelds  of  alkti.’xypropylain'.niss  can  be  explained  by  the  appearance  of  water 
in  the  reaction  meduin.  and  as  as  kriovn,  the  redumtion  of  nitnles  or  of  esters  by  sodium  in  non-absolute  alcohol 
gives  poor  yields  of  ifnal  produc-rs  pTJ  However  »tbe  authors  Eadlfid  to  find  at  any  time  the  presence  of  the  acid 
which  might  be  Jorneti  by  hydirolysa  rf  the  nittile. 

Moreover,  as  has  been  shove  by  Guerbet  pT2a]  and  TercnryevflS],  alcohols  in  the  presence  of  alcoholates 
may  enter  into  coruletsations  o€  the  tijc: 

R-Chr— CHjOH 

R— ♦  R-CH,Ci^OH — ►  j  * 

CHfc-R 

Under  the  aunors  coedincms  this  react’.orrirould  take  pLare  all  the  more  readily,  since  the  hydrogen  atom 
of  fl*hydroxypropionmle,  by  vtstoc  of  its  being  iittbe  a-positio*^  to  the  nitrile  group,  is  sufficiently  mobile.  The 
products  of  such  coiuunsat'ori  can  chdirgo  reductian  and  isoli*iiim  of  the  resulting  bases  is  quite  difficult.  Thus, 
with  a  certain  degree  af  probab^ilitv,  the  low  yields  of  amnies  us*ori  reduction  of  8  hydroxypropioniirile  can  be  ex- 
plairjed.  Reduction  at  d  aJI<oxyETrr*pior.rriles  eviden.'tiy  proceeds  acicording  to  scheme  11  given  above.  At  the  same  time, 

a  partial  reduction  m  ocrylonitrije  so  popylamime  occurs.  Th*e  nesulting  amine  can  be  cyanethylated,  while,  on  reduc< 
tion,  alkoxydiamineMre  produicied.  H 

C,HjOCH,CH,CH|  +  CHr=CH-C>-fC,Hi0t3>J,NriCH|CrvCN3“-^  CiHjOfCHOi^H, 

!n  other  expenroent?of  omilair  type  to  fiactiomi  vere  isolarei  due  apparently  to  their  high  boiling  points. 

••  y*!soamylpropy limine  has  IseeT.  syrnfacslzed  bty  ti>e  authors  ftan  the  fust  tunc:  1.4312,  d4  0.8517,  MRq  44.17* 

CalcvlaTid  MR«  44  21  />vi 

•••  y-IsobutoxvDTOTwUmine  b*s  been  synthesEed!  for  the  fust  •Mnie;  oq  1.4246,  d  4  0.8448,  3  .  .7  17O 


in  the  case  of  the  dicyandiethyl  ester,  the  cleavage  ptoducts  are  found  to  be  acrylonitrile  and  ethylene- 
cyanhydrin,  while  the  latter  may  become  partially  dehydrogenated  toacrylonitrUe: 


NCCH^HrOCH^H/:N - -  NCCl^CH^OH  ♦  CH,=CH-CN;  KOCll|CH,CN  ►  CH,=CH-CN  ♦  t\0.  ■ 

Reaction  of  the  sulfide  analog  proceeds  in  a  similar  fashion. 

Thus  the  au»ho^  have  observed  realkylatlon  of  ^-halo,  BHhlo,  ft -hydroxy  aoJ  ft-alkoxy-proplonltrtle*  H 
under  the  conditions  of  »hc  Vyshr.egradsky  reaction.  This  phenomenon  can  be  expJawed  on  the  basis  of  ■ 

mobUity  of  the  hydrogen  atom  which  is  in  the  a  position  !b  the  niUlle  group,  which  facilitates  ready  splitting  H 

of  the  molecule,  especially  In  alkaline  med’um.  This  reaction  is  reversible,  but  the  acrylon.trlle  resulting  from  H 

such  a  cleavage  enters  into  reaction  almost  exclusively  with  the  alcohol  that  has  beer,  used  in  the  capacity  of  a  ■ 

medium  for  reduction,  since  this  alcohol  is  present  in  Urge  excess  (nitrile:  alcohol  » 1  45).  Thus  the  equiltbrii.m  ■ 
is  greatly  shifted  toward  the  right.  Reduction  of  the  nitrile  group  removes  the  nitrile  from  reaction,  which  shifts  ■ 
the  equilibrium  even  more: 

RX-Cf^H-CN  RX-H  ♦  Ci\=CH-CN.  CHi=CihCN  ♦  R'OH R  OCH^CiVCN;  H 

”  *  R'OCH^Cl^CN  ^  ROCH,Ci\Ci^NH,.  H 

If  die  fl-alkoxy-ur  the  B-thlo-nitrUes  do  not  have  4 -hydrogens,  then  such  nirrle?  should  be  transformed  ■ 
during  the  Vyshnegradsky  reaction.  In  actuality,  Cass  [19]  obrained  a  good  yield  of  ectre spending  diamine  dur* 

Ing  reduction  of  the  nmile  from  thiodiplvaltc  acid.  H 

It  is  Interesting  to  note  that  during  reduction  of  5*arainopropionitrrte$  under  Vyshnegradsky 
conditions,  there  was  not  observed  In  noticeable  quantities  formation  of  any  alkoxj'pKpylamines.  Apparently,  H 

the  0-anunopiopionitriles  are  stable  in  the  presence  of  alkalLne  reagents.  «  H 

EXPERIMENTAL  I 

SyriThesis  of  Pimelortitrlle  pO],  38  2  g  (0.1C5  mole)  of  1.5-dlbromopentane  17.2  (0.35  mole)  of  a  H 
water-alcoholic  solution  of  sodium  cyanide  were  heated  ir  a  flask  equipped  with  refl^ji  condenser  for  10  hours  H 

on  a  water  bath.  The  alcohol  was  then  distilled  off,  and  the  residue  was  redistilled  %r>rh  rteam  to  remove  H 

unieacted  dibromide.  The  remaining  brown  oil  was  extracted  with  ethei,  the  ether  jclu*'ion  washed  with  dilute  H 
alkali  and  dried  over  anhydrous  calcium  chloride  after  which  the^ ether  was  distilled  off  and  the  nitrile  was  -  H 
fractionated  at  low  prescuie.  13.7  g  (6C^  of  theory)  of  the  plmelonltrile  resulted,  b  p  159  lOO*  at  8  mm.  H 

Literature  data:  b.p.  171-172*  at  12  mm  pO).  H 

Ss-mhesis  of  S  -Alkoxypropionltriles.  These  were  prepared  by  the  autliors  acco^ing  to  the  method  of  H 

MacGregor  pi]  by  the  interacHon  of  acrylonitrile  with  alcohols  in  the  presence  of  scdxum  aiccholate.  H 

B-Methoxypropionrtrile.  0.9  g  of  metallic  sodium  was  added  to  24  g  (0.4  mole)  of  methyl  alcohol  over  H 

a  period  of  30  minutes  and  with  external  cooling  and  stlnl'ig,  there  was  added  dropwrse  21  2  g  (0  4  mole)  of  H 

freshly-distilled  acrylonitrile  The  mixture  was  then  heated  on  a  water  bath  with  stirLfg  for  another  hour,  and  H 

was  then  reutralized  with  20^<>  sulfuric  acid.  The  alcoholic  layer  was  separated  and  dried  with  anhydrous  sodium  H 
sulfate.  2^  5  g  theory)  of &-methoxypiopion:ttile  resulted  with  b.p.  of  163-lt4*.  6-Ethoxypropionitrile  I 

and  B'i'opropoxypropio’’ ixnle  were  obtained  by  the  same  procedure,  with  yields,  resjextively.  of  7C.8  and  71^.  The^^ 
nitrile  constarTts  co-re'por.ued  with  tlie  literature  data  [22). 

3  tsoamylhydruirypfopionmile.  The  alcoholate  obtained  by  solution  of  0.1  g  of  metallic  sodium  in  52.8  g 
(0.6  mole)  of  absoluie  isoarnyl  alcohol  was  placed  in  a  three  necked  flask  equipped  vr.*h  mechanical  stirrer, 
droppmfe  fun-el  and  reflux  condenser.  31.8  g  (0.6  mole)  of  acrylonitrile  was  added  dropwise  to  the  alcoholate 
(at  80*  with  stirring  ).  The  mixtuie  was  then  headed  on  a  water  bath,  stined  for  1  hour  and  then  jteurralized  with 
dilute  sulfuric  acid.  The  alcoholic  layer  was  separated,  dried  with  anhydrous  sodium  5»ilfa»e  and  redistilled. 

C4.2  g  (75  theoretical)  of  B-isoamylhydroxypropiooitrrle  resulted,  b.p.  109-110*  at  22  mm. 

Uteraruie  data  b  p.  99'  at  13  mm  p3) 

B-ftjtoxypropionitnle  was  obtained  In  the  same  manner  wirh  78.i/}k  yield. 

B  Phe-oxypropK?^iTrile_p4].  121  g  (1.28  mole>)af  phenol  and  1.5  g  of  metallic  sodium  were  placed  in  a 
t  ee  necked  flask  equipped  with  mechanical  stirrer,  reflux  condenser  and  dropping  fiivsel.  Then,  over  a  period 
o  one;  hour  and  a:  130  135*.  67.8  g<1.28  moles)  of  acrylo.nitrile  was  added,  and  the  mixture  stirred  for  another' 

UTS  at  the  same  temperature.  After  cooling,  the  flask  contents  were  treated  -with  caustic  soda  solution 
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and  wllh  ether.  The  ether  Jayer  wa«  •ei>arate(l.  washed  repeatedly  with  the  alkali  solution,  then  with  dUutc 
hydrochloric  acid  and  finally  water.  A  crystalline  man  remained  after  distilling  off  the  ether.  After  recryitalliza* 
tion  from  cyclohexane  "“white  flakes  with  m.p.  62*.  98.2  g  of  pure  0^;>henoxypropionitrile  resulted  (52^  of 
theory). 

Literature  data:  m.p.  61  62*  t24]. 

0  -(6 *-Hydroxyethox y)propionitrile.  39.8  g  (0.75  mole)  of  acrylonitrile  was  added  dropwise  over  a  period 
of  2  hours  to  a  cooled  mixture  of  46,5  g  (0,75  mole)  of  ethylene  glycol  and  1.8  g  of  2351  agueous  caustic  soda 
solution.  The  resulting  yellow  viscous  mass  was  neutralized  with  dilute  sulfuric  acid.  The  organic  layer  was 
separated,  dried  with  sodium  sulfate,  and  fractionally  distilled.  Unreacted  acrylonitrile  was  distilled  off  at 
atmospheric  pressure,  and  the  distillation  then  continued  at  decreased  pressure.  Three  fractions  were  collected: 

I)  up  to  100*  at  5  mm  (mainly  ethylene  glycol):  H)  b.p.  132-135*  at  5  mm  -44.6  g;  III)  b.p.  160-171*  at  3  mm 
“25  g. 

The  second  fraction  -monocyanethylated  ethyleneglycol  -was  distilled  repeatedly,  b.p.  111-112*  at 
1.5  mm.  Yield  47.8  g.  calculated  for  acrylonitrile;  ng  1.4443:  dj*  1.0793;  MRq  28.35;  calculated  28.29. 

The  third  fraction  corresponded  to  dlcyanethylated  ethylene  glycol,  b.p.  186*  at  9  mm  [25]:  158*  at 
2  mm  [26]. 

6:fl*-Dlcyandlethyl  Ester.  This  ester  was  obtal''ed  by  Pruson's  method  [27]  by  the  interaction  of  acrylo¬ 
nitrile  with  ethylenecyanhydrin  in  the  presence  of  alkali.  B.p.  164-165*  at  8  mm,  which  corresponded  to  the 
literature  data  [27]. 

B  0*-Picyandiethylsulfide.  The  authors  obtained  this  ester  by  reacting  acrylonitrile  with  an  aqueous 
solution  of  sodium  sulfide  [28].  79.5  g  (1.5  moles)  of  acrylonitrile  was  added  to  a  solution  of  180  g  (0.75  mole) 
of  the  nona-hydrate  of  sodium  sulfide  in  100  ml  of  water,  with  stlnlng  and  cooling  to  10*.  After  addition  of  the 
acrylonitrile,  the  mixture  was  stirred  for  4  hours  at  room  temperature,  following  which  200  ml  of  benzene  was 
added.  The  benzene  layer  was  separated,  and  the  aqueous  layer  washed  several  times  with  benzene.  The  benzene 
solutions  were  combined,  washed  with  small  portions  of  dilute  hydrochloric  acid  and  water,  and  then  dried  over 
anhydrous  sodium  sulfate.  The  benzene  was  distilled  off  and  the  residue  redistilled  in  vacuo.  89  g  of  0,0*- 
dicyandiethylsulfide  resulted  (i.e.  85<5(>of  theory).  The  viscous,  colorless  liquid  crystallized  upon  standing. 

B.p.  178-179*  at  3  mm. 


Literature  data:  b.p.  191-194*  at  7  mm  [29]. 

0  'Chloropopionitnle.  Prepared  through  the  action  of  dry  hydrogen  chloride  upon  acrylonitrile  with 
cooling.  B.p.  59-60*  at  8  mm,  which  corresponded  lo  the  literature  data  [30]. 

Reduction  of  Pimelonitrile 

A  heated  solution  of  8,9  g  (0,073  mole)  of  pimelonitrile  in  330  ml  of  absolute  n-butyl  alcohol  was  added 
to  22  g  of  metallic  sodmm  placed  in  a  liter  round-bottomed  flask,  equipped  with  a  two-horned  adapter  and  a 
heavy-duty  copper  reflux  condenser.  An  oil  bath  preheated  to  145*  was  immediately  placed  under  the  flask.  This 
temperature  was  maintained  until  the  sodium  had  completely  dissolved:  after  that  the  mixture  was  cooled,  and 
the  resulting  alcoholate  decomposed  with  water.  The  alcohol  and  the  base  were  distilled  off  over  a  period  of 
several  hours  with  superheated  steam  into  a  receiver  containing  dilute  hydrochloric  acid.  From  this  solution 
the  butyl  alcohol  was  distilled  out  with  steam,  and  the  residue  was  condensed  on  a  water  bath.  The  crude 
hydrochloride  was  decomposed  with  powdered  sodium  hydroxide  arxl  the  resulting  base  was  repeatedly  extracted 
with  ether.  The  efher  solution  (about  300  ml)  was  dried  with  anhydrous  causfic  potash,  and  was  fractionated  after 
distilling  off  the  erher.  The  first  fraction  —up  to  91*  at  7  mm  ''egligiblc.  The  second  fraction  —  heptamethylenc- 
diamine,  with  b.p.  91-92*  at  7  mm  -was  collected  in  the  amount  of  6.41  g,  which  constituted  715*^01  theory. 
Upon  standing,  the  diamine  crystallized  to  form  low  melting  crystals.  Benzoyl  derivative  —colorless  needles 
from  alcohol;  m.p.  123*. 

Literature  data,  b  p.  223-225*.  benzoyl  derivative  —m.p.  123.5*  [31]. 

Reduction  of  0 , 0  t-Plcyandiethyl  Ester 

Reduction  was  carried  out  In  like  manner.  12.4  g  (0.1  mole)  of  dlcyandiethyl  ester.  30  g  of  sodium  and 
430  ml  of  absolute  n-butyl  alcoliol  were  taken.  After  reduction,  the  .mixture  was  decomposed  wiih  water  (100  ml). 
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The  alcoholic  layer  wai  then  separated,  and  the  aqueoui-alkallne  residue  washed  with  small  portions  of  butyl 
alcohol.  The  combined  alcoholic  solution  was  acidified  with  hydrochloric  acid  and  the  alcohol  distilled  off 
with  steam.  The  hydrochloride  solution  was  concentrated  on  a  water  bath.  The  hydrochloride  -a  thick,  light- 
brown  oU  -was  decomposed  with  powdered  caustic  soda.  The  resulting  base  was  repeatedly  extracted  with 
absolute  ether.  The  ether  solution  was  dried  with  anhydrous  caustic  potash  and  fractionated.  The  ether  was^ 
distilled  of  first,  and  three  fractions  were  then  collected:  I)  b.p.  up  to  66*  at  6  mm  —0.72  g,  II)  b.p.  56*60 
at  6  mm -7.63  g;  IH)  b.p.  69.5-140*  at  9  mm-1.42  g. 

During  the  second  fractionation,  7.02  g  (l.e.  53.6*51)  of  y-butoxyptopylaminc  resulted,  b.p.  74-76*  at 
20  mm.  169-170*  at  756  mm;  nj}  1.4288;  dj*  0.8532;  MRq  39.61;  calculated  39.59. 

8.280  mg  substance:  0.793  ml  (23*,  740  mm)  8.670  mg  substance:  0.831  ml  (21*.  738  mm). 

Found 'Sfc;  N  10.75,  10.81.  C7H.7NO.  Calculated^:  N  10.68. 

Literature  data:  b.p.  75-76*  at  21  mm;rT{}  1.4273;  d|5  0.8514  [22). 

Hydrochloride.  Obtained  by  passing  dry  hydrogen  chloride  Into  an  ester  solution  of  the  amine.  Very 
hygroscopic. 

Picrate.  Obtained  by  heating  the  base  with  a  saturated  benzene  solution  of  picric  acid.  Yellow 
r'nombohedrons  with  m.p.  96*.  Soluble  In  water,  methyl  and  ethyl  alcohols. 

Benzoyl  Derivative.  Obtained  by  the  Shotten-Baumann  reaction.  Viscous,  slightly  yellow  liquid, 
b.p.  192-195*  at  3  mm. 

Chloroplatinate.  Golden  scales  from  aqueous  alcohol;  m.p.  199*  (decomp.). 

Reduction  of  fl  ,  fl  *-Dlcyandlethylsulflde 

1.72  g  (21.9*5(1  of  theory  )  of  y-butoxypropylamlne  with  b.p.  69-70*  at  16  mm  was  Isolated  after  reduction 
of  8.3  g  of  0,8'-dicyandlethylsulflde,  obtained  by  the  actlcz  of  IG  g  of  lueUlllc  sodium  In  270  ml  of  absolute 
butyl  alcohol  In  the  usual  manner.  Picrate  — m.p.  96*.  Melting  point  of  the  sample  mixed  with  picrate  obtained 
from  the  preceding  experiment  did  not  give  depression.  The  remaining  reduction  products  were  not  investigated. 

Reduction  of  fl -Alkoxyproplonltrlles 

Reduction  of  B-Ethoxyproplonltrlle  In  Ethyl  Alcohol  (Method  A).  A  heated  solution  of  14.1  g  (0.14  mole) 
of  fl-ethoxypropionitrile  in  250  ml  of  absolute  ethyl  alcohol  was  poured  rapidly  Into  20  g  of  metallic  sodium 
placed  m  a  liter  round -bottomed  flask  with  horned  adapter  and  heavy-duty  copper  reflux  condenser.  An  oil 
bath  preheated  to  130-135*  was  placed  immediately  under  the  flask.  This  temperature  was  maintained  until 
the  sodium  had  completely  dissolved.  After  termination  of  reaction,  about  100  ml  of  water  was  added  to  the 
mixture  while  still  warm,  and  the  amine  and  alcohol  were  distilled  off  with  steam  into  a  receiver  containing 
dilute  hydrochloric  acid,  and  then  the  acid  solution  of  the  hydrochloride  was  concentrated  on  a  water  bath.  The 
hydrochloride,  in  the  form  of  a  viscous  oil,  was  decomposed  with  solid  caustic  soda  and  repeatedly  extracted 
with  absolute  ether.  The  ether  solution  was  dried  with  anhydrous  caustic  potash  and  distilled  in  vacuo.  Two 
fractions  were  collected:  l)  b.p.  54-55*  at  39  mm  -6.95  g;  II)  b.p.  116-117*  at  18  mm  -1.48  g. 

The  first  fraction  represented  y-ethoxypropylamlne;  ng  1.4242;  dj*  0.8697;  MRq  30.28;  calculated  30.35. 

Literature  data:  b.p.  134-136*  at  732  mm:  ng  1.4201:  dj*  0.8613  (22). 

The  high-boiling  fraction —fl-(B*-cthoxy)-propyltriraethylenedIamlne;  ng  1*4512;  d!*  0.9040;  MRn  47.75: 

calculated  47.81.  u  *  v 

its.  picrate  was  obtained  upon  heating  the  amine  with  a  benzene  solution  of  picric  acid.  After  recrystalli¬ 
zation  from  benzene,  m.p.  143*. 

7.495  mg  substance:  1.190  ml  1^  (22*,  752  mm);  5.587  mg  substance:  0.880  ml  (22*,  752  mm). 

F  ound  N  18.18,  18.03.  C„HjPuN,.  Calculated  <51,:  N  18.12. 

j^lsopropoxypropionitrlle  Reduction  (Method  B).  14  g  of  metallic  sodium  was  dispersed  in  hot  toluene 
^0  ml)  with  a  mechmicai  stirrer  in  a  three-necked  Qask  equipped  with  reflux  condenser  and  dropping  funnel. 

Then,  over  a  period  of  15  minutes,  with  stirring,  11.3  g  (0.1  mole)  of  8-lsopropoxyproplonltrUe  In  60  ml  of 
absolute  isopropyl  alcohol  was  added.  For  the  solution  of  all  sodium,  40  ml  more  of  alcohol  was  added.  Further 
treatment  was  carried  out  In  a  manner  Identical  with  the  Isolation  of  y-ethoxypropylamlne. 
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2.52  g  (21.5^  of  theory)  of  r-tsopropoxypropyUmlne  retulted  after  fractior^tioc  of  the  base.  B.p.  74-75*  at 
68mm.  According  to  the  literature  data:  b.p.  85  86"  at  102  mm  (22). 

Y-Putoxypropylamt.ne.  Obtained  in  yield  of  50‘^(iom  reduct?on  of  0  butoxypropionttrlle  in  absolute  butyl 
alcohol:  b.p.  80  81*  at  24  mm. 

Py  the  same  method  0  IsoamylhydrorypropioniTrile  was  reduced  In  absolute  Isoamyl  alcohol.  There 
resulted  from  14,1  g  of  the  nju*le;  7.5  g  of  y-isoamylhydroxypropylamlne.  wl»h  b.p.  82  83*'  at  20  mm;  nj? 

1.4312;  dj*  0.8517,  MRq  44.17;  calculated  44.21. 

P.crate  —from  benzce;  m.p.  104*. 

6.703  mg  substance:  0.882  ml  N,  (23^  754  mm).  7  802  mg  substance  1.055  ml  (24*.  755  mm). 

Found  <%■.  N  15.06,  15.11.  Calculated  %  N  14.97. 

Upon  reducing  10  5  g  (0.123  mole)  of  0  mefho»yp:opton)tt}le  in  absolute  bu'yl  alcohol  by  method  A, 

4.15  g  (25,8^3  of  theory)  of  y  butoxypropylamlne  w»rh  b.p.  69  70*  fit  18  mm  resulted.  Low  boiling  fraction 
—0,6  g  of  uncha^actei  ^cd  substances. 

Upon  carryrg  out  by  the  same  method  ’he  leduct'O”  of  11 5g(0.1  mole)  of  0  (0*  hyd»oxye»ho*y)- 
propionitrile  ir,  butyl  alcohol  yielded  3.85  g  (29  4^)  of  y  butoxypjopylamine  w-th  b.p.  57  58”  at  8  mm 
pg  1  4280  d**  0.8538. 

Melting  point  of  a  sample  of  the  picrate  mixture  from  the  y-bu*oxypropylamire  of  the  last  two  experiments 
with  the  p-cta»e  of  y  butoxypropylamire  ob’avned  by  reduction  of  0  bu'o^yprop  onitr’le  m  butyl  alcohol  did  not 
give  depression. 

Red -ction  of  0-phenoxypropioritr‘le  was  earned  ou»  according  to  method  6,  in  ethyl  alcohol  without 
stirring  of  the  reaction  mixture.  During  the  »rea’ment  which  was  identical  wi*h  isolation  of  the  alkoxy 
propylamines  5.72  gof  y  e»hoxypropylam’.ne  wi»h  b.p  59  CO"  at  48  mm  (yield  55  b^Jo)  resulted,  and  0.2  g 
of  substance  with  b.p.  100-104*  at  12  mm.  the  composi».on  of  wh  ch  was  not  determined  The  authors  were 
not  able  to  obtain  a'’y  no»iceable  quantities  of  the  base  when  they  at’empted  to  isolate  y-pheronypropylamine 
by  extraction  of  the  aqueous  alkaline  solution  remai^'ing  after  s»eam  distillation. 

0  Hydro <yp'-op;on»trile  (Ethylei'ecyanhydri")  tteduc*.on  A  solut’on  of  8  52  g  (0.12  mole)  of  ethylene- 
cyanhydrin  m  180  ml  of  absolute  ethyl  alcohol  wa«  headed  to  boiUng  in  a  rout’d  boMomed  flask  equipped  with 
reflux  condenser  and  hor'^ed  adapter  16  g  of  me'all'c  sodium  was  then  dropped  .tn*o  the  solution  lP2*3g 
lots,  After  dissolution  of  rhe  metal,  the  alcohola^e  was  decomposed  w  .th  wa’er  and  distilled  with  steam. 

The  acidified  disrilla»c  was  evapora’ed  ard  the  hydrochloride  decomposed  in  the  usual  manner,  2.6  g  of 
y  -ethoxypropylamine  resulted  with  b  p.  58  59  at  45  mm  Hydrogenated  acrylic  acid  was  not  found  in  the 
alkaline  residue  from  distiJlaMon  with  s*eam  To  separate  the  propanolamine  this  solution  was  placed  in  a 
flask  with  a  low  ou^lei  tube  and  was  d,siilled  *o  dryness  30  40  ml  of  wa’^er  was  ’he^  added  a^d  redistilled  to 
dryness  This  operation  was  repea’ed  twice,  The  dist-lla’e  was  placed  ir  a  Favoisky  flask  with  tall  dephlegmator, 
and  wafer  disnlled  out  a*  110*  The  residue  abo'jr  i.5  g  of  viscous  liquid,  was  not  a  base  and  did  not  have  a 
defined  boiling  pom*. 

By  reduction  of  ethylerecyanhydrir  ^10. 7  g,  i  e.  0.15  mole)  w,th  sod'um  (19  g)  in  'sopropyl  alcohol 
(290  ml)  by  method  «  there  resuHed  3  26  g  (ZOiJb)  of  y  isopropoxypropylamine.  b.p  78-79''  at  86  mm. 

Py  reduction  of  eihylenecyanhydrm  m  isobuiyl  alcohol  by  me’hod  A  y  ’sobu'oiiyp'opylamine  resulted, 
ir.  yield  b  p  65  66‘  at  20  mm  rU  I  4246  d^*  0  8448  MRq  39  63  calculated  39.59. 

Piciare  — m  p  lOO"  (from  benzene). 

8.595  mg  substance  1  184  ml  N,  (22  74C  mm).  7  015  mg  substance  0  980  ml  .n,  (22‘,  746  mm). 

Found  %  \  15  64  15.67.  Calculated  N  15  55. 

An  attempt  to  v^para’e  propinolamine  from  the  reactior  products  also  gave  negative  resul’s. 

Upon  reducing  e’hylenecyathydrin  in  n  butyl  alcohol  by  'he  same  meihod.  the  auiho  s  obtained 
y-butoxy propylamine  m  20<Jb  yie>d. 

The  cthylenecyanhydnr  was  reduced  in  isoamyl  alcohol  by  Method  B.  4  26  g  (0.06  mole)  of  ethylene- 
cyanhydrin  and  13  g  of  sodium  in  290  ml  of  absolute  isoamyl  alcohol  were  taken,  i.e.  one-and  a  half  times 


more  than  In  the  preceding  experlroenti.  3.17  g  of  y-Isoamylhydroxypropylainlne  (36.4-^  of  theory)  wu 
separated:  b.p.  66-67*  at  12  ram. 

Reduction  of  B-Chloropropionlulle.  Reduction  was  carried  out  In  n-butyl  alcohol  according  to  Method  B. 
y-Butoxypropylamine.  b.p.  78-79*  at  23  mm  (68<^»  of  theory)  and  propyl  amine  In  the  form  of  the  hydrochloride 
(8.4‘5t)  were  separated  during  processing  of  the  reduction  products. 

SUMMARY 

1.  It  has  been  found  that  upon  reducing  B-halo-,  B-hydroxy,  B-alkoxy-  and  B-thloproplonltrlles  according 
to  the  method  of  Vyshnegradsky  (with  sodium  In  alcoholic  medium),  an  abnormal  reaction  takes  place, 
which  leads  to  formation  ofy-alkoxypropylamlnes,  while  the  alkoxy  group  becomes  the  radical  of  that  alcohol 
In  which  medium  the  reduction  Is  carried  out. 

2.  The  mechanism  of  this  reaction  has  been  Investigated,  and  It  has  been  proved  that  the  process  goes 
through  a  stage  of  acrylonitrile  cleavage,  with  subsequent  cyaneihyiatlon  of  the  alcohol  and  reduction  of  the 
alkoxynitrile  thus  formed. 
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THE  MECHANISM  OF  OXIDATION  AND  NITRATION  OF  CYCLOHEXANE 
BY  NITRIC  ACID  AND  NITROGEN  OXIDES.  I 


A.  I.  Titov  and  M.  K.  Matveeva 


The  oxidation  and  nitration  of  cyclohexane  by  nitric  acid  were  Invertigated  by  Markovnikov  [11 
Nametkin  [2]  and  Aschan  [3].  From  the  point  of  view  of  classical  organic  chemistry,  this  reaction  was  most 
rboroughly  studied  by  S.  S.  Nametkin. 

The  paraffin  chain  nitration  theory  developed  by  the  author  [4]  made  possible  the  determination  of  this 
reaction  mechai.ism  and  discovery  of  new  approaches.  According  to  the  author's  theory,  the  initial  stage  of 
oxidation  and  nitration  of  cyclohexane,  both  by  nitric  acid  and  by  nitrogen  oxides,  is  the  appearance  of  the  free 
cyclohexyl  radical  during  successful  collisions  of  hydrocarbon  with  the  radical  monomer  of  nitrogen  dioxide; 


C*H|,  ♦  NC^  CiHa*  ♦  HNO^.  (1) 

Further,  the  principal  transformation  of  cyclohexane  in  the  nitration  zone  can  be  represented  by  Reactions  2-5; 

C^HijNQi  (2) 

C*Hu^Np,r 

"c^HaONO  (3) 

C«Ha-  ♦  •  N=0  — -►  CeHuN=0,  (4) 

C,Ha  •  ♦  O  =N  .N=0 - *-  C,HaONO  ♦  NO^.  (5) 


During  nitration  in  the  liquid  phase  at  elevated  temperatures,  the  significance  of  directions  (4)  and  (5) 
xnB  be  small,  with  a  few  exceptional  cases,  and  conseque.ntly  the  principal  primary  reaction  {iroducts  will- 
&c  citrocyclohexane  and  cycloliexylnitrite.  Nitiocyclohexane  should  survive  as  a  final  reaction  product,  and 
cyclohexylnitrite,  through  intermediae  formation  of  cyclohexanol,  should  be  transformed  into  a  mixture  of 
a*dsj>ic  and  lower  dicarboxylic  acids. 

According  to  the  author's  theory,  nitric  acid  should  not  exert  independent  oxidizing  and  nitrating 
It  affects  the  rate  and  the  ratio  between  the  principal  direction  of  the  reaction  only  through  its 
Pi-Ticipation  m  the  equilibrium  2HNO,  •¥  NO<  "  SNOj  HjO,  which  serves  as  the  source  and  the  means 
fee  progressive  regeneration  of  nitrogen  dioxide  from  the  lower  oxides.  At  high  temperatures,  the  pyrolysis 
P<K>ducts  of  nitric  acid:  nitric  anhydride,  nitregen  trioxide,  NO|,  NOj,  and  so  forth,  may  prove  to  be  active. 

Eli^riments  confirmeu  these  deductions  from  the  general  nitration  theory  of  the  paraffinic  chain.  It  was 
of  all  demonstrated  that  cyclohexane  reacts  noticeably  with  nitrogen  dioxide  at  normal  temperature, 

*3id  comparatively  rapidiy  at  100*.  Under  appropriate  conditions,  the  reaction  leads  to  the  formation  of 
»-i-pic  acid  and  nitrocyclohexane  for  the  most  part,  i.e,,  the  same  products  as  from  the  interaction  of  cyclo- 
Itexane  with  mtric  acid. 

Furthermore,  by  carrying  out  the  reaction  with  nitric  acid  under  the  same  conditions  as  with  nitrogen 
dac-xide,  and  also  according  to  the  S.  S.  Nametkin  method,  the^authors  have  proved  that  Interaction  almost 
cc-ises  in  the  absence  of  nitrogen  dioxide  in  the  reaction  zone,  and  the  rate  of  its  reaction  was  found  to  be 
poc'portional  to  the  addition  of  NO|.  Moreover,  during  oxidation  by  nitrogen  dioxide,  the  addition  of  nitric 
atcjd  in  the  corresponding  cases  affected  reaction  yields  negatively,  due  to  the  presence  of  water  in  the  acid  used 
due  to  a  shift  to  the  right  of  the  equilibrium  3NO|  -t  H|0;i  ''2HNOj  ♦  NO. 

The  reaction  course  in  the  gaseous  phase,  through  interaction  of  cyclohexane  with  nitrogen  dioxide,  has 
be^n  established  by  its  accomplishment  in  sealed  tubes  at  100*  by  heating  of  the  hydrocarbon  and  nitrogen  i 

dioxide  mixture  taken  in  such  quantities  as  to  ensure  their  complete  vaporization.  The  absence  of  the  oxidizing  • 
nitrating  action  of  nitric  acid  under  these  conditions  results  from  nitration  according  to  Nametkin,  by  the 
^5dition  of  ammonium  sulfate,  since  the  reaction  is  capable  of  occurring  in  the  gaseous  phase  because  the  tubes 
not  more  than  one-third  fulL 

r 
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Expcrimcnul  proof  of  the  absence  of  reaction  between  nitric  acid  and  hydrocarbons  at  high  temperature 
C  200*)  is  extemely  difficult  to  obtain  due  to  the  ilmultaneous-s^lf-decompositlon  of  the  nlulc  acid  to  form 
mnrogcn  dioxide.  Moreorcr.  it  cannot  be  denied  that  at  sufficiently  high  temperature  the  direct  interaction  of 
uiltnc  acid  with  the  paraffin  chain  may  become  noticeable;  even  more  probable  are  reactions  with  pyrolysis 
pimducts  HN0,-N,0^  NO,*.*  ^JO,.etc.  And  alwrall  of  the  experiments  carried  out  at  320-340*  demonstrated 
that  the  yields  of  reacnoa  product  upon  interaction  of  cyclohexane  with  nitrogen  dioxide  were  almost  ten-fold 
gnt^ter  than  with  analoeowi  experiments  using  nitric  acid  of  sp.  gr.  1.4.  With  an  Increase  in  the  duration 
of  tutric  acid  remaining  la  the  reaction  tube,  the  yield  of  reaction  product  increased  somewhat,  which  is 
exgilained  by  the  increased  possibility  of  its  decomposition.  These  results  at  least  indicate  a  low  reaction  rate 
wuth  uitric  acid,  even  as  temperatures  this  high. 

The  radical  cl^acrer  of  the  primary  reactl';n  between  cyclohexane  and  nitrogen  dioxfde  fl]  is  confirmed 
hy^' Jirarious  experimental  data.  This  Indicates  possibility  of  its  existence  in  the  gaseous  phase.  There  it  practically 
ncp 'Change  in  the  reaction  yield  with  increase  in  the  quantity  of  nitric  acid,  and  the  large  increase  in  reaction 
yieild  with  an  increase  la  the  quantity  of  cyclohexane  demonstrates  Its  role  in  the  hydrocarbon  phase,  which  it 
alsxo  an  agreement  with  tbe  accepted  radical  character  of  the  reaction.  The  absence  of  any  noticeable  acceleratloi 
of  ncaction  between  nitrogen  dioxide  and  cyclohexane  upon  adding  strong  protonic  and  aprotonlc  acids  -sulfuric 
acud,  aluminum  chloride,  titanium  tetrachloride  and  also  Iodine —Indicates  the  insignificant  role  of  the  ionic 
character  of  interactioa  ta  the  primary  oxidation  and  nitration  stage  of  the  paraffinic  chain. 

The  above -mdicated  traits  are  characteristic  for  nitration  of  cyclohexane,  and  are  entirely  different 
for  the  parent  substance  cf  aromatic  compounds  —benzene,  with  Which  there  is  a  genetic  relation.  This 
comesponds  to  the  general  distinctions  which  are  made  between  the  nitration  of  saturated  and  of  aromatic 
hvdrrocarbons,  and  the  mechanisms  accepted  for  them  [5].  In  agreement  with  the  position  indicated,  the  authors 
alssD  found  that  the  adderica  of  mercury  salts  had  little  noticeable  effect  upon  the  nitration  of  cyclohexane. 

In  accordance  witi  the  adopted  mechaaLm,  the  nitration  and  oxidation  reaction  of  cyclohexane  does  not 
possess  a  chain  character.  This  deduction  was  confirmed  by  the  observation  that  there  was  no  difference  in 
reaction  rates  upon  passing  cyclohexane  and  nitrogen  dioxide  mixture  through  an  empty  tube  in  one  experiment 
as  against  passing  through  a  tube  filled  with  glass  chips  in  another.  Apparently,  however,  at  high  concentration 
of  mitrogen  dioxide  dimer,  the  development  of  sufficiently  long  chains  is  possible  by  such  a  scheme: 


R-  ♦  N,04  — 
NOi*>R-H  — 


-►  R-  ♦  HNO^, 

-  RONO  ♦  NO^* 
R-  ♦  HNOj.etc. 


The  fjreaking'of  chains  will  occur  at  the  expense  of  combination  of  radicals  wth  NO  and  NOj,.  branching 
ar  Tine  expense  of  the  side  reactions  of  cyclohexylnitrlte  and  cyclohexanol  oxidation.  It  is  very  probable  that 
suc-’t.  a  case  was  realized  expcrunentally  by  the  authors  when,  upon  heating  0.84  g  of  cyclohexane  and  4.5  g 
of  mmogen  dioxide  in  a  sealed  tube  at  100*,  the  tube  exploded  with  considerable  shattering  effect. 

EXPERIMENTAL 

The  procedure  fisc  treatment  of  the  nitration  and  oxidation  product  of  cyclohexane  was  carried  out 
accurrding  to  the  followit::^  method,  with  the  following,  or  other,  minor  modifications.  The  reaction  mass, 
whuiii  normally  contaiiKd  solid  adipic  acid,  was  filtered  off  with  suction:  the  precipitate  was  washed  with 
smaOl  quantities  of  cydccerane  and  water,  and  after  being  dried  in  air,  represented  quite  pure  adipic  acid 
wirtf:  m  p.  about  151*.  Tbe  aqueous  portion  of  the  filtrate  was  evaporated  to  dryness  on  a  water  bath.  The  mixture 
of  silipic,  gluuric.  succurx  and  oxalic  acids  which  resulted  from  such  procedure  normally  melted  at  130-140*. 
but  'Still  consisted  for  the  ooa  part  of  adipic  acid  since  it  gave  an  increased  melting  point  upon  heating  with  the 
pure  product.  All  of  the  cyclohexane  was  distilled  off ‘from  the  organic  layer  of  the  filtrate  after  washing  with 
sous  solution.  The  remai^mg  crude  nitro  product,  the  greater  portion  of  ’which  redistilled  at  20  mm  pressure 

a  b.p.  of  ..5-100  .  Lfci  1,463  and  possessed  other  properties  approximating  those  for  pure  nitrocyclohexanc, 
authors  observed  tha.  its  dissolution  In  alkali  was  speeded  up  by  additions  of  dieihylamlne,  although  not  to 
suc.h;  3tnking  extent  as  was  found  earlier  for  phenylnltromethane. 

^mparison  of  t?y  Eehavior  pf  Cyclohexane  With  Nitrogen  Dioxide  and  Nitric  Acid. 

.  Tin  **  ?^nncl  Temperature  In  Sealed  Tubes.  A  mixture  composed  of  10  ml  of  cyclohexane 

ro  acid,  sp.  gr.  1.4,  not  containing  any  nitrogen  oxides,  in  the  first  experiment,  and  a  mixture 

same  quantity  of  hydrocarbon  with  6  g  of  nitrogen  dioxide  in  the  second  experiment,  were  left 
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lUoding  for  60  days  In  sealed  tubes  at  20-25*.  No  excess  pressure  was  found  upon  opening  the  tube  containing 
the  nitric  acid.  Only.traces  of  nltro  products  were  isolated,  formed  possibly  at  the  expense  of  nitrogen  oxides 
that  developed  at  random.  A  very  high  pressure  was  found  in  the  second  tube,  and  from  the  reaction  product 
0.20  g  of  nltrocycloliexane  and  2.37  g  of  adipic  acid  -65^  of  the  theoretical  yield,  resulted. 

b)  Experiments  at  60  in  an  Open  Container.  The  reaction  with  nitrogen  dioxide  was  carried  out  in  a 
three-necked  flask.  A  mixture  of  20  g  of  nitrogen  dioxide  and  50  ml  of  hydrocarbon  was  added  to 350  ml  of  • 
cyclohexane  over  a  period  of  16  hours,  and  with  simultaneous  passing  through  of  3  liters  of  oxygen.  6fl  g  of 
adipic  acid  and  6.7  g  of  crude  nitrocyclohexane  were  isolated  from  the  reaction  mixture. 

Upon  treatment  of  the  nltroproduct  with  10^  KOH  solution  and  with  addition  of  diethylamine,  with 
subsequent  recrystallization  of  the  undisiolved  residue  from  alcohol,  there  resulted  a  small  quantity  of 
colorless,  crystalline  substance  with  m.p.  216*.  As  melting  of  a  mixed  sample  indicated,  the  substance 
isolated  was  apparently  l,l'‘dlnltrodlcyclohexyl,  obtained  earlier  by  S.  S.  Nametkin,  according  to  hU 
method,  during  the  nitratior  of  cyclohexane. 

The  experiment  carried  out  under  the  same  conditions,  but  with  application  of  40  ml  of  nitric  acid, 
sp.  gr.  1.4,  and  with  addition  of  2  g  ammonium  nitrate  instead  of  nitrogen  dioxide,  gave  only  traces  of  reaction 
products. 

TABLE  1  TABLE  2 


Expt.  I  Additions 

No. 

Obtained  ( 

QH^COOH), 

C.HiiNO, 

1  - 

1.2 

0.8 

2  .  lg(NK4),S04 

— 

Traces 

3  .  ;  1  g  1^04 

1.8 

1 

1.6 

1 

Expt.  1 

1  Taken  into  reaction 

1  Obtain<>d  (g) 

Total 
yield 
(a  +5) 

(in  mole* 
.  •  100).. 

1 

No. 

HNO,  (ml) 

m 

C4H,(COOH)i 

(*) 

C.HuNOi 

0>) 

1 

10 

0.9 

0.59 

0.08 

0.465 

2 

10 

2.8 

1.33 

0.15 

1.027 

3 

— 

2.8 

1.05 

0.41 

l.a38 

TABLE  3 


Expt.  1 

1  ^S^*ll 

1  Yield  (in  g) 

iTotal  yield 

HNOj  consump¬ 

c)  Experiments  In 
Scaled  Tubes  at  100*.  10  ml 
of  cyclohexane  was  mixed 

No. 

(In  g) 

:C4H^C00H), 

C.HijNOj 

{in  mole*  lOO; 

i 

tion  (in  ‘Jo) 

1 

0.21 

1  0.03 

Traces 

jo.  020 

0.68  ■ 

in  one  case  with  2  ml  of 
nitrogen  dioxide,  and  in  the 

2 

I  0.42 

:  0.10 

Traces 

<0.068 

2.23 

other  —with  10  ml  of  nitric 

3  1 

1  0.84 

1  0.25 

Traces 

0.169 

5.80 

acid,  spec.  giav.  1.3,  and 

4 

1.68 

•  0.59 

0.08 

p.466 

14.20 

with  addition  of  1  g 

5  1 

3.36 

j  1.76 

0.98 

1.940 

48.50 

ammonium  sulfate, 

6  1 

5.23 

j  1.92 

1.73 

.  p.520 

3.170 

58.0 

added  to  remove  nitrogen 

7  j 

9.24 

2.36 

2.05 

7C.30 

1 

oxides  that  might  appear. 

1 

I 

1 

The  two  mixtures  were 
heated  in  sealed  tubes 
at  100"  for  3  hours. 

1.08  g  adipic  acid  and  2.00  g  of  crude  nitrocyclohexane  containing,  as  further  investigation  showed, 
a  noticeable  quantity  of  cyclohexylnitrlte,  were  isolated  from  the  cyclohexane  nitrogen  dioxide  reaction 
mixture.  In  the  nitration  experiment,  almost  no  interaction  of  nitric  acid  occurred. 


d)  Experiments  at  Normal  Pressure  and  at  320-330*  in  the  Gaseous  Phase  (See  [6]).  Oxidation  and  nitration 
of  cyclohexane  by  nitric  acid  was  carried  out  with  arriwlthout  the  presence  of  niUogen  dioxide.  The  first 
experimental  series  was  carried  out  according  to  the  method  of  S.  S.  Nametkin.  One  experiment  was  carried 
out  in  exact  accordance  with  the  literature  directions,  the  second  —with  addition  of  ammonium  sulfate  to  remove 
traces  of  nitrogen  oxides  contained  in  the  normal  nitric  acid  and  which  might  appear  during  the  reaction,  and 
finally,  the  third  -with  preliminary  addition  of  nitrogen  dioxide.  The  basic  charge  for  each  of  the  tubes  consisted 
of  10  ml  of  cyclohexane  and  15  ml  of  nitric  acid,  sp.gr.  1.2.  Heating  of  the  sealed  tubes  was  carried  out  in  a 
horlMnul  oven  at  103-1 07"  for  a  period  of  9  hours,  during  which,  at  two  hour  Intervals,  the  excess  pressure 
was  let  out  Data  are  given  in  Table  1. 
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in  the  second  experiment  ^without  nitrogen  oxides  -excess  pressure  was  not  found;  the  appearance  of 
traces  of  nitroproducts  can  be  explained  by  the  imposslbUity  of  inhibiting  the  formation  of  small  amounts  of 


nitrogen  oxides  in  the  cyclohexane  layer. 

The  effect  of  nitrogen  dioxide  quantity  upon  the  reaction  yield  can  be  seen  from  the  following  series  of 
experimenu.  The  charge  placed  in  each  of  the  tubes  consUted  of  1.68  g  of  cyclohexdne,  varying  quantities  of 
nitric  acid,  sp.gr.  1.3,  and  nitrogen  dioxide.  Heating  time  in  the  horizontal  water  bath  was  3  hours  (Table  2). 

The  yield  increased  proportionately  to  the  quantity  of  added  nitrogen  dioxide.  In  the  third  experiment 
(without  addition  of  nitric  acid)  it  was  somewhat  higher  than  in  the  similar  experiment  with  addition. 

Reaction  in  the  Gaseous  Phase  at  100*.  0.5  g  cyolohexane  and  1.4  g  of  nitrogen  dioxide  were  placed  in 
a  tube  of  120  ml  volume,  so  calculated  that  at  100*  the  substances  taken  for  reaction  would  be  completely 
converted  to  the  gaseous  state.  After  sealing  and  heating  at  100*  for  3  hours,  there  resulted  0.21  g  of  adipic 
acid  and  0.04  g  of  nitroproduct 

Concerning  the  reaction  course  at  320-340*,  see  (6), 

Effect  of  Quanta  of  Cyclohexane  upon  the  Reaction  Yield.  The  charge  for  each  tube  consUted  of  10  ml  of 
nitric  acid,  sp.gr.  1.3  (47.^),  C.9  g  of  nitrogen  dioxide  and  variable  quantities  of  cyclohexane.  Heating  of  the 
sealed  tubes  was  carried  out  in  a  horizontal  water  bath  for  3  hours  (Table  3). 

The  extent  of  nitric  acid  consumption  was  calculated  according  to  the  stoichiometric  equations: 

3C,Hn  ♦  KHNO,  =  3C4H,(COOH),  ♦  ♦  lONO 

and  C*Hu  ♦  HNO,  *  C,HuNO  ♦  H^O. 

Taking  into  account  the  formation  of  lower  dicarboxylic  acids  and  COj,  it  should  be  considered  that  the 
true  consumption  of  mtric  acid  was  somewhat  higher.  The  calculations  indicate  that  in  the  fust  two  cases 
reactions  proceeded  exclusively  in  the  gas  phase. 

Investigation  of  the  Action  of  Protonic  and  of  Non-Protonic  Acids.  Addition  of  titanium  tetrachloride, 
aluminum  chloride  and  sulfuric  acid  to  cyclohexane  and  nitrogen  dioxide  mixture  caused  no  observable  change. 

Nor  was  there  found  any  accelerating  effect  by  sulfuric  acid  additions  to  the  cyclohexane-nitric  acid  mixture. 

To  test  the  actions  of  similar  types  of  addition  in  relation  to  time,  experiments  were  arranged  with  a  mixture 
of  25  ml  of  cyclohexane  and  6  g  of  nitrogen  dioxide,  to  one  portion  of  which  was  added  5  g  of  aluminum  chloride, 
and  to  the  other  2  g  of  iodine.  Judging  from  the  color  intensity  of  nitrogen  dioxide  in  the  gaseous  phase  for  the 
control  experiment  and  in  the  test  experiment  upon  adding  aluminum  chloride,  the  reaction  rates  in  both  experi¬ 
ments  were  very  similar.  Treatment  of  the  reaction  mixtures  of  the  control  and  of  the  experimental  tests  after  . 
one  month  standing  at  normal  temperature  gave  in  all  cases  almost  identical  yields  of  reaction  products —about 
0.7  g  of  nitroproduct  and  the  same  quantity  of  adipic  acid. 

A  rapid  nitration  course  was  observed  by  the  authors  during  reaction  of  nitric  anhydride  with  cyclohexane. 

The  cyclohexane  reaction,  earned  out  with  nitric  acid  in  the  presence  of  nitrogen  dioxide  in  sealed  tubes  at 
100*  with  additions  of  mercury  nitrate  indicated  no  effect  for  the  lattei. 

SUMMARY 

1.  The  interaction  of  cyclohexane  with  nitrogen  dioxide  proceeds  with  relative  rapidity  and  gives  the 
same  products  as  nluatlon  with  nitnc  acid  according  to  the  method  of  Konovalov-Nametkin. 


1 

/ 


n 


2.  Oxidation  and  nitration  of  cyclohexane  by  nitric  acid  proceeds  by  way  of  an  intermediate  reaction 
with  nitrogen  dioxide. 

Au  ^  radical  character  of  the  primary  reaction  suge  has  been  confirmed  by  its  course  in  the  gaseous 
and  hydrocarbon  phases,  and  by  the  absence  of  any  accelerating  action  of  strong  protonlr ,  aprotonic  acids,  or 
mercury  salt  additions  upon  ft. 

The  nitration  theory  for  the  paraffinic  chain,  as  earlier  developed,  is  applicable  to  the  oxidation  and 
nitration  of  cyclohexane.  .  .j. 
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the  reactions  of  aliphatic  diazo  compounds  with  unsaturated  compounds 


XIV.  reaction  of  diazoacetate  with  halogen  derivatives  of  the  AL’PHA  tic-aroma  tic  series. 


1.  A.  Dyakonov  and  N.  P.  Vinogradova 


As  was  demonstrated  earlier  fl-S].  halogen  derivatives  of  hydrocarbons  of  the  allyl  type  react  with 
dUzoacetate  in  the  presence  of  copper  catalyst  according  to  the  equation  (1): 

RX4N,CHCOOC,H6-^j^  RCHXCOOC,!^  ♦  N,.  (1) 

where,  for  the  examples  invest ipated,  R  =  Radical  of  CH,=CH-CH,-,  and  X  =  Cl,  Br  or  ».•  Since  it  was  found 
that  halogen  derivatives  of  the  non*allyl  type  (ter-  and  n*bui>.  jromides)  do  not  readily  enter  into  reaction  PI, 
an  attempt  Ibs  been  made  to  expand  this  reaction  to  include  halogen  denvatives  of  hydrocarbons  of  the 
alipha'ic-aranatic  scries  which  possess  a  more  mobile  halogen  atom:  benzyl  bromide,  dl-arnl  tri-phenylbromo- 
methanes. 


"Hie  results  of  these  experiments  are  described  in  the  present  article. 

Investigation  has  shown  that  the  reaction  course  for  experiments  with  txiphenylbromoetharies  In  the 
presence  of  copper  sulfate  as  catalyst,  and  ligroin  as  dUuenr,  may  be  expressed  by  equations  (2)  and  (3): 


(C^HOjCBr  (CtHi)jCCHBrCOOC,a  4  1^: 

CuSO. 

(I)  *  BrCHjCOCXTjHs  ■t-(C^H.),C-^COOC,Hj  + 


C,H 


(li) 


Na  OH 

(C4H.),C=CC00H 


(III) 


(2) 

(3) 

(4) 


The  final  reaction  product  expected  in  this  ca^e  —the  ethyl  es’er  of  0  3  -diphenyl'a  -bromohydrocir^amic 
acid  (I)  —was  not  separated  fmm  the  reaction  mixture:  ui  the  course  of  the  syrthes’s,  under  the  action  of  non- 
reacted  diazoacetate,  it  immediately  converted  r'to  the  es*e^  of  tr-phenylacrylate  (11)  by  splitting  off  HBr 
with  rearrangement  of  the  phenyl.  ••  Tlie  evolving  hydrogen  bromide  became  bojnd  with  the  diazoacetate  to 
form  bromoacetate. 


With  a  1:1  molar  ratio  for  the  reactants,  in  ligroin,  the  yield  of  a"alytically  pu»e  ester  (li)  was  CO.G^, 
and  the  yield  of  bromacetate  was  G0.8<79  of  the  theoretical  calculating  on  the  basis  of  original  diazoacetate, 
and  taking  into  account  the  combined  equation  result'ng  from  equations  (2)  and  (3). 

The  e?.ter  (II)  was  converted  into  triphenylacrylic  acid  (ill)  in  8R‘5t  y  eld  by  the  action  of  alkali.  The 
yields  of  ester  (IQ  cited  in  the  literature  are  small  (7)  in  connection  with  which  it  should  be  noted  that  the 
reaction  described  here  may  have  a  preparative  value  for  its  syntheses  [and  likewise  for  synthesis  of  acid  (IIl)d 


As  the  result  of  the  same  reaction  course  (2)  in  the  absence  of  solvent,  and  at  a  temperature  of  160-165*, 
there  v<ie  obtained:  the  bromacetate,  1,1,2-Uiphenylbutene-l  (V)  and  diphenybndone  (IV)  (yields  respectively 
81.2,  78.0  and  4-5^).  •  •• 


•  The  reaction,  upon  which  is  based  the  diazo  metl.od  for  synthesis  of  simple  organic  compounds,  is  analogous  to 
that  quoted  above  (1)  (4J  Lt  Group  IV,  e.g.  the  halogenides  of  Si.  Sn  and  Pb  react  in  the  iridicated  manner,  to 
1951  the  authors  [1],  and  a  little  later  some  American  chemists  (5),  demonstrated  that  this  reaction  can  also  be 

extended  to  include  certain  halogen  derivatives  of  hydrocarbons  of  the  aliphatic  se.Jes.  Ri  H  l 

••  Rearrangement  upon  splitting  off  HX  from  halogen  derivatives  of  the  general  foiinula  ^  *** 

adequately  .studied  [6).  ^  ^  ' 

•••According  to  calculation  for  0.5  mole  of  initial  dlazocetate. 
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The  (ormetion  of  compound.  (IV>  ...d  (V )  map  be  eapl.lned  in  .he  followtnR  manner.  Unde,  .he  co^ltloiu 
of  .he  experlmem.  a.  a  .empe.a.ure  of.l60-i6S'.  e..e.  (II).  which  a.  flml.  formed  primarily  according  .0  Enna.ion. 
(2)  and  (3),  decompo«i  in  Iwo  wayt: 


(C,Hs),Cr  -C 


C,H,  C,H|.  ^**^1 

,f  ^  -eWH,  ^  \=0, 


OCjH, 


It  is  known  from  the  literature  dau  that  diphenyl Indone  actually  forms  as  a  side  product  In  the  synthesis  of 
ester  (11)  at  the  expense  of  its  partial  intran.olecular  condensation  (8). 

Unknown  up  to  the  present  time,  hydrocarbon  (V)  is  apparently  formed  also  upon  decomposition  of  the 
ester  (I^,  because  It  was  possible  to  find  (qualitatively)  CP|  in  the  nitregen  evolving  during  the  condensation  re¬ 
action.  This  secondary  reaction  was  not  investigated  In  any  moie  detail. 

Condensation  of  diphenylbromethane  with  diazoacetate  was  carried  out  with  a  1:1  molar  ratio  cf  reactant 
in  the  presence  of  cupric  sulfate  and  in  the  absence  of  solvent,  at  a  temperature  of  80  .  The  reaction  product  cor¬ 
responded  in  composition  to  the  8"Phenyl-o*bromhydrocinnamlc  acid  ester  (VI);  however,  further  investigation  has 
shown  that  it  has  the  structure  of  the  isomeric  o-phenyl  -S-brornhydroclnnamate  (VII): 


(C,H,),CHBr 


{CuSO^AB^ 

(VI) 


[(C*H5)2CHCHBrCOOC2H5]-^CHCHCOOC,H,  ♦ 

i  C,H, 


The  authon  are  inclined  to  think  that  during  the  course  of  the  reaction  there  occurs  isomerization  of  the 
unstable  normal  reaction  product  (VI)  imo  the  more  stable  isomer  (VII)  with  a  symmeuical  distribution  of  the 
phenyl  groups. 

The  possibility  of  a  similar  isomerization  of  ester  (VI)  indicates  the  following  known  facts  for  other  com¬ 
pounds.  Rearrangements,  with  a  change  In  the  carbon  framework,  takes  olace'when  hydrogen  halide  acids  split  out 
from  the  esters  which  have  a  structure  similar  to  (VI),  or  halogen  derivatives  of  hydrocarbons  with  unsymmetrical 
distribution  of  phenyl  groups  (where  R  =  CjH,.  CjHj  [9]): 


\  “■'KBr 

^H-CHBr-COOK  — y  KBr  ♦  COj  ♦  CH-R. 


i-CCl, 


CjHjCCr-  CCl-CfH,  (10)  , 


Halogen  derivatives  of  the  hydrocarbons  of  the  aliphatic  series  isomerlze  with  migration  of  the  halogen 

atom  within  the  carbon  chain  (A.  E.  Favorsky  (11])  and  sometimes  irreversibly  with  a  change  in  the  carbon  frame¬ 
work  (12): 


(CHj),CH“Cl^Br 


180-200*  '^200* 
<■  r  (CH,)/:Br 


CH,-CHBr-CH,-CH. 


It  is  quite  possible  that  isomerization  in  the  halogen  derivative  series  of  aliphatic-aromatic  hydrocarbons 
will  occur  at  lower  temperature  than  in  the  aliphatic  series  (in  our  case  -•  at  80*). 

Ester  (VII)  is  described  here  for  the  fust  time.  Yield  =  31.2^  of  theoretical  for  crude  product  with  m.p. 

*  mixture  of  4  diazostereoisomers)  and  20. for  the  product  with  a  constant  m.p.  of  132*.  Since 
the  bromacetic  acid  ester  was  also  isolated  from  the  reaction,  and.  after  alkaline  treatment,  a  small  quantity 

ac  corresponding  to  ester  (VII),  then  it  should  be  assumed  that  in  this  case  a  secondary  reaction  hat  been 
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substituted  ibi  that  of  the  diazoacetate  with  the  bromoester  (VI)  or  (VII): 

(VII)  or  (VO BrCH,COOC,H,«C,H,-C.  ■  C-CCXXiH.  (7) 

«  (vno 

For  determix'»ation  of  the  structure  of  ester  (Vil),  whch  ar  first  was  taken  to  be  ester  (VI),  It  was  treated 
with  alcoholic  caustic  alkali.  Here,  instead  of  the  B  -phenylcJnnamic  acid  (IX),  there  was  obtained  the 
trans-a -phenylclnnamtc  acid  (X). 

With  view  in  mind  of  the  possibility  of  rearrangement  upon  the  HBr  cleavage  reaction,  the  authors 
attempted  to  replace  bromine  by  hydroxyl  in  the  ester  investigated,  by  reaction  with  aqueous  ratNir  than  alcoholic 
alkali.  However,  instead  of  the  fl.,8  dlphenyllactic  acid  (XI)  which  was  expected  here,  acid  (X)  again  resulted. 

For  proof  of  the  structure,  the  latter  was  first  oxidized  with  potassium  permanganate,  at  which  time  benzoic  and 
benzoylformic  acids  resulted  and  wtte  identified  by  mixed  sample  test  with  known  acid  (from  benzaldehyde  and 
sodium  pheuylacetate  [13]). 


(C4H5),C*CHCC)0H 


(C^HeOiO 


(C*K5),CHCHOHCOOH. 


KOH  ^ 
(CjHfOH,  H,q 


CfcH^CH- 


CjHkCHO  ♦  C^HiCHjCOONa - 


J  KMnO, 


QH^cpjH  ♦  CtH/roco^a 


The  obtaining  of  acid  (X)  cannot  be  considered  faultless  proof  of  the  bromester  structure.  For  determination 
of  the  structure,  it  is  necessary  to  select  a  reaction  which  will  not  affect  the  reanacementcenters  l.e.,  the  C-Br 
and  C-il  bonds  in  the  molecule  of  this  compound.  The  dealkylation  reaction  of  the  ester  by  the  use  of  a  strong  HBr 
solution  in  glacial  acetic  acid  was  found  to  be  suitable  for  thu  purpose.  The  a -phenyl -B-bromhydrocinnamic  acid 
(XII)  isolated  as  the  result  of  the  dealkylation,  had  a  m.p.  of  185‘  (13).  in  contrast  to  its  isomeric  form,  6 -phenyl- 
a-bromhydrocinnamic  acid  (with  m.p.  164*  [9])  a"d  displayed  all  of  the  react’ons  characterlstt;,  for  it.  A  sample 
of  known  acid  (XII)  was  obtained  (according  to  Muller  [13]),  for  comparison,  by  reacting  concentrated  H8r  with 
a -phenyl -cinnamic  acid  (X),  and  finally  by  es’erificatton  of  the  acid  (Xll)  there  was  obtained  the  corresponding 
ethyl  ester  which  was  found  to  be  identical  with  the  ester  (VII): 


CgHjC  HBrC  1K:00C,  Hj 


CsHjCHK'CHCOjH  ♦  CjHjBr. 


C.H,CH=:CCO,  I.  C,H,CHBrCHCO.i. 


CfiLOH^ 

(93<^)'’ 


"'*”'(X)  (X!D 

The  yield  of  acid  (X'l)  (crude  product)  by  dealkylation,  and  of  the  ester  (VII)  ftom  the  esteiification  re¬ 
action,  constituted,  respectively,  69  and  93<5fc  of  the  theo'etical  yields.  The  reactions  exp  essed  by  Equations  (10) 
and  (11)  finally  determined  the  structure  of  thec^te:  (VIi). 

Benzyl  bromide  appaienily  reacts  only  to  a  smsU  extent  with  the  diazoacetate  in  the  d*'-ct.on  expec.ed. 

CfiHjCHiBr  CfHjCi^CHBrCOOCjHs  4 

(XHO 

The  reaction  is  accompanied  by  foiniation  of  a  considerable  quant’ty  of  fumarate  die  to  decomposi..on 
of  unconsumed  diazoacetate,  and  also  by  la’ge  amounts  of  tars, 

A  number  of  attempts  to  isolate  the  ester  (XllI)  horn  the  lesmous  reaction  product,  ox  to  p.ove  it.  presence 
in  it  by  the  use  of  various  react ion.i,  was  to  no  ava;l.  Only  dehalogeranng  reduction  with  Zn  dust  m  acenc  acid 
led  to  the  isolation  of  a  small  quantity  ot  ethyl  hyd'ocinnaniatt  (XIV),  which  wzs  ideptif.ed  with  the  kr.own  y 
hydrazide  of  the  acid: 

^XIIl)  ?iLt  CjHjCHtCH^CCNHNHi.  (13) 


(XIV) 


(XV) 


This  result  allow*  u»  to  assert  that  Eeactioa  (12;  can  be  considered  proved  in  principle.  . 

It  should  be  considered  that  an  equation  of  the  general  form  (1)  [R  =  CeH,ClV:  (CeH5),CHJ  X  »  Hr 

encompasses  all  three  types  of  interaction  studied,  outside  of  the  question  of  whether  additional  reaction  (1)  it  ac¬ 
companied  by  isomerliation,  rearrangement,  or  HBr  cleavage  from  its  final  product.  'Hjc  yield  of  Rextlon  (1)  in  a 
series  of  investigated  halogen  derivatives  increased  with  an  Increase  in  the  radical  R. 

EXPERIMENTAL 

L  Condensation  with  Trlphenylbrommethane  in  Ligroin.  For  a  description  of  the  apparatus  (see  [1  3)). 

32.2  g  of  triphenylbrommethane  (14]  100  ml  of  p»irified  hgtoin  (b.p.  100-110*)  and  0.2  g  of  anhydrous  CUSO4 
were  heated  until  the  greater  portion  of  trinhenylbrommethanc  went  into  solution.  After  that  11.4  g  of  diazo¬ 
acetate  was  added  dropwise  to  the  boiling  solution  with  mechanical  stirring.*  3.2  liters  of  nitrogen  were  evolved 
(15*,  758.8  mm). 

The  reaction  mixture  was  filtered  from  the  catalyst  while  hot.  Upon  cooling,  the  filtrate  crystallized.  The 
crystals  were  removed  by  suction  and  the  ligrcin  mother  liquor  was  further  fractionated. 

Ethyl  Triphenvlacrvlate  (in.  After  rccrystallizatioa  from  alcchol,  10  g  (60.9?7oof  the  theoretical  yield,  cal 
culated  on  the  basis  of  diazoacetate)  of  crystals  of  almort  colorless  ester  (1!)  resulted,  vrth  a  in.p.  of  119rl20*. 

The  ester  gave  with  concentrated  II1SO4  a  characteristic  green  color,  changing  to  ruby-red  upon  heating.  The 
melting  point  and  other  properties  corresponded  to  that  indicated  in  the  literature  [15J. 

Found  C  83.97;  H  6.03;  M  324.4,  317.1.  Calculated  C  84.10;  H  6.14.  M  328.4. 

Bromacetate.  Upon  fractionating  the  ligroir-  mother  liquor,  a  fraction  of  the  substance  with  lachrymatory 
properties  and  with  a  boiling  point  corresponding  to  the  bromacetate  was  obtained.  Yield  18.2  g  (60.8^  of 
theoretical). 

B.p.  156-161*;  dj*  1.492;  ng  1.452. 

Found  ‘Jfc;  Br  46.38.  C^HtO^Bt.  Calculated  ^  Bi  47.90. 

Literature  data  (16]:  b.p.  159*;  d^  1.514:  ng  1.454.  ' 

Certain  deviations  in  the  analytical  data  betweeu  found  and  calculated  should  be  attributed  to  the 
possible  Impurity  of  fumarate  (See  (2]). 

Trlphenylacrylic  Acid  (III).  1  g  of  the  ester  (!!)  was  heated  for  8  hours  with  16.5  g  of  caustic  potash  dis¬ 
solved  In  70  ml  of  alcohol.  The  solution  wai  diluted  wi*h  water,  the  alcohol  distilled  off,  and  the  residue  in  the 
distilling  flask  was  diluted  with  water  to  100  ml  because  of  'he  difficult  solubility  of  the  potassium  tilphenylacryl 
ate.  The  free  acid  (III)  was  ^parated  from  the  solurion  by  dilute  sulfuric  acid,  in  the  cold.  Yield  -  0.8  g  (87.9^t 
of  theoretical).  B.p.  212-213*-  which  cor.*eiponds  to  the  literature  [8J. 

Found  C  83.77;  H  5.73;  equiv.  (by  titration)  299.3,  302.8. 

Calculated  <50:  C  83.99:  H  5.37;  equiv.  300.3. 

ik- Trlphenylbrommethane  in  the  Ab^eye  M  Solve.nt,  18.5  g  of  diazoacetate  was 
added  dropw.se  with  mechanical  stirring  to  52  g  of  triphenylbrommethane  and  0.2  g  of  anhydrous  copper  sulfate, 
heated  at  160-165*.  5.2  liters  of  nitrogen  was  evolved  (l«r.  759.2  mm),  which  exceeded  the  theoretically  required 
amount  by  Jl%  The  excess  was  attributed  to  the  presence  of  carbon  dioxide  in  the  nitrogen,  which  was  qualita¬ 
tively  determined  by  the  use  of  baryta  water.  The  reaction  product  (bromacetate)  possessed  considerable  lachry- 
inatory  properties.  It  did  not  crystallize  upon  standing  in  the  cold.  After  distilling  off  the  bromacetate  in  vacuo 
(  .p.  50-60  at  11  mm,  yieid  11  gor  81.2^  of  the  theoretical),  there  was  obtained  from  the  residue  a  dark,  resinous 
mass  which  crystallized  from  a  mixture  of  benzene  and  peuoleum  ether.  After  repeated  crystallizations  from 
I  alcohol,  18  g  of  1,1.2-triphenylbutene-l  (V)  resulted,  with  in.p.  91-92*  (78<5;»  of  the  theoret 

ca  ye  ).  concentrating  the  benzene -petroleum  mother  liquor  from  hydrocarbon  (V>,  about  1  0  of  dlphenyl- 
indone  (IV)  resulted. 

needle  ctynals  (ftom  alcohol),  m.p.  91-92*.  Poorly  soluble  in 
cold  cone.  H,SO,.  with  formation  of  a  green  color,  chatBingupon  heating  into  an  Intense  yellow. 

sunee-  13  oro“  *  CP.=  0-0551  g.  0.0594  g  H.O.  0.2939  g.  0.4060  g  sub- 

h‘"‘o9;  ‘^‘4- 

The  diazoacetate  »/as  purified  beforehand  by  steam  distillation  In  vacuo 
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Diphenyl indone_£j^.  Crysialf.  ruby-red  in  color  (from  alcohol),  m.p.  150*.  Gave  a  green  coloration  with 
cone.  H1SO4  in  the  cold;  upon  heating,  an  orange  color.  The  tneltirg  point  and  other  properties  corresponded  to 
those  indicated  In  the  literature  [81 

Found  C  89.19;  H  4.87.  CnH|40,  Calculated  C  89.33;  M  4.96. 

ill.  Condensation  with  Dtphenylbrommethane.  119.2  g  of  d:phenylbrommetha-<  (17)  and  0.3  g  of 
anhydrous  CUSO4  was  heated  to  80*  and  with  mechanical  stirtu  g  g  of  diazoacetate  was  added  to  the  mixture 
dropwise  9.2  liters  of  nluogen  was  evolved  (ir,  7G4  mrn).  .j.  hot  reaction  mixture 

was  filtered  olf  from  the  catalyst,  and  crystals  of  the  crude  ester  (Vfl)  separated  out  from  the  filtrate  upon  standing 
in  a  desiccator,  m.p.  IIO*,  weighlrg  50  1  g  (31.2<^of  the  theoretical  yield).  A  cons.derable  portion  of  the  ester 
(VII)  remained  apparently  in  the  mother  liquor  along  with  products  of  a  resinous  character  (sec  beiow). 

Ethyl  8*Brom-<i-phenylhydfoctnnamate  (VIQ.  The  crude  sample  was  purified  by  crystallization  from 
alcohol -benzene  mixture  Coloioi.  ligltt  flaky  crystals  with  m.p.  132*.  Soluble  in  alcohol,  benzene,  ligroln, 
petroleum  ethei.  Yield  of  pure  sample  was  32,3  goi  20,1  thecrctical. 

0.1161  g.  0.1538  g  substance:  0.0650  g.  0.0867  g  Ag9r.  0.1C«5  g  0.3775  g  substance;  17.06  g,  25.78  gCfHf: 

At  O.IO.  0.24*.  Found  Br  23.82.  24.00,  M  326.3,  346.3.  Calculated  Br  23.98;  M  333.22. 

Investigation  of  the  Mother  Liquor.  Bromaeetate.  The  rooeher  liquor  remalin'^  after  separation  of  the  ester 
(VII)  crystals  possessed  a  sharp  lachrymatory  odor.  As  the  result  of  vacuum  fractio.nal  distillation,  14  g  (17.2^  of 
the  theoretical  yield)  of  bromaeetate  resulted  with  a  m.p.  of  155-132',  along  with  20  g  of  resinous,  non-distillable 
residue.  After  repeated  distillations,  the  bromaeetate  possessed  The  following  consraors:  b.p.  158-159*  and 
1.451  (16).  The  resinous  residue  was  boiled  with  a  solution  of  alcoholic  alkali  (42  g  of  KOH  in  170  ml  of  alcohol): 
the  resulting  homogeneous  solution,  dark  ji  color,  was  diluted  with  wa*cr  and  acidified  with  sulfuric  acid.  The 
resinous  acids  separated  from  the  residue  vce  purified  by  crystallizacion  from  alcohol  with  subsequent  reprecipitation. 
4.3  g  of  colorless  crystals  of  pure  a-phenylcirnamic  acid  (X)  with  m.p.  172‘  resulted,  a  sample  mixed  with  known 
sampfe  (X)(m.p.  172*),  prepared  by  the  action  of  the  Mi  salt  of  pfcenylacetic  ac’d  upon  berz aldehyde (13).  did  not 
show  deptession. 

a-Pher-vlcinnamic  Acid;  A)  Ester  (VI 1)  and  Alcoholic  Alkali.  2  g  of  ester  (v‘ii)  was  heated  with  2  g  of 
KOH  solution  in  50  ml  of  alcohol.  The  alcohol  was  distilled  off  i~  «acuo.  the  residue  dissolved  in  100  ml,  and  the 
solution  acidified  with  dilute  sulfuric  acid,  from  the  solution  colotless  crys’als  of  the  acid  (X)  precipitated  out, 
with  m.p.  169*.  Yield  -  1.3  g  (96  theoretical).  After  crystili  zaijon  from  benzere  m.p  was  171-172*.  A 

sample  mixed  with  authe.ntic  sample  of  Acid  (X)  prepared  as  indicated  above  did  not  show  depresrion. 

B)  Ester  (VI!)  and  Aqueous  Alkali.  Hydrolysis  of  3  3  g  of  cs*er  (Vil)  with  20  ml  of  10^  aqueous  caustic 
potash  by  boiling,  and  subsequent  acidification  of  the  alkaline  solution  gave  2.15  g  (96  c*5kof  the  theoretical  yield) 
of  acid  (X).  wiih  m.p.  169*.  After  crystallization  from  benzere  m.p  was  171-182*. 

In  confoimity  with  the  literature  data  [13],  the  acrd  (y)di'xO;o:ed potassium  pe*a:a’’'ga’’ate  solutio.1.  did  not 
add  bromir»e  in  chloroform,  and  sublimed.  Below  ate  given  data  o"  the  a*>alys*s  of  acid  (X).  and  of  the  stiver  salt 
derived  from  it. 

Fcundiuquiv.  223.1,  224.7;  OH  1,059.  0,984.  CisH^Oj,  Calculated;  equiv.  224  3.  OH  1.0,  0.2982  g.  0.1591  g 

salt:  0.0979  g,  0.0527  g  Ag  Fou.od  <7o  Ag  32.83.  33.12.  C,;H,^43,.Ae  Calculated  Ag  32.62, 

C)  Oxidation  of  Acid  (X).  2  g  of  ac*d  (X)  was  dissolved  i“.  scvJa  and  o*idizeti  ra  the  cold  w-th  2^  KMnO^ 

(3. 6g),  After  the  usual  treatment,  tne  aqueous  solution  of  oxida^iO’::  p:»>lucts  was  cOTcer.’iated  and  acidified  with 
sulfuric  acid.  There  resulted  1.25  g  of  benzoic  acid  with  m.p.  120*  (Si.4*)b  of  theoretical  yield),  identified  by  the 
mixing  test  with  known  acid.  There  was  Isolated  from  the  fdtrate  by  ett^r  extraction  0.9  g  of  crude  benzoylformic 
acid  in  the  form  of  a  dark  oil,  which  crystallized  upon  storage  .ies:ccauio«^  A^'et  pressirg  out  on  a  plate,  and 
crystallizing  from  water,  the  crystals  melted  at  56-67*.  Literature  data:  m.p.  65  (20).  Yield  -  0.4  g  (30^  of 
theoretical).  With  cone.  H1SO4  it  gave  a  characteristic  violet  color  (18).  Due  to  Insaffx.ency  of  material,  the 
acid  was  characterized  in  the  form  of  its  phenylhydrazo  ie  (19).  Tbe  m  p.  of  the  phenylhydrazore,  153*.  corresponds 
to  the  literature  data  (19).  A  sample  mixed  with  the  phenylhydrazonc  of  the  same  aevi.  obtained  according  to 
GliTcksmann  (20).  did  not  show  depression. 

Dealkylation  of  Ester  (VII):  a-Phenyl  B-bfoinhydrocinnamic  acid  (XI!),  1.5  g  of  ester  (VII)  and  30  ml  of 
glacial  acetic  acid  saturated  with  HBr  at  C*  were  placed  in  a  thick-walled  tube.  The  tube  was  sealed  in  the  cold  and 
was  then  heated  at  80*  for  12  hours  in  an  oil  bath  with  thermostat.  The  acetic  acid  was  removed  In  vacuo  after 
completion  of  the  experiment.  In  the  residue  there  was  0,95  g  (69. 1  ^  of  the  theoretical  quantity  of  crude,  yellow 
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colored  acid  (Xll),  which,  after  washing  with  ligroin  and  recrystallizing  iroin  ciiioroioiin-pcuuic«»,  ^ 

(3: 1).  melted  at  185*  in  conformity  with  the  literature  data  [13].  For  the  comparison,  known  acid  (Xml  va« <rf 
by  the  action  of  HBr  in  glacial  acetic  acid  upon  acid  (X)  which  in  its  turn  was  synthesized  accotdiiiR » tew 
given  by  the  same  author  [131  A  mixed  sample  of  the  two  specimens  of  acid  (XID  melted  without  iifflR*asin 

Found  %  Br  26.07,  26.57.  CisHi,OiBr.  Calculated  Br  26.18.  Characteristic  reaction:  upcni  »ifuiio 
of  an  alcoholic  solution  of  AgNO,,  AgBr  precipiuted,  and  from  the  filtrate,  upon  dilution,  a  flaky  jwjriipiaaac 
of  ntlhene  scpar4ted  (m.p.  124*  [161) 

Synthesis  of  Ester  (VII)  from  Known  Acid  fXII).  2  g  of  known  acid  (XII)  and  50  ml  of  alcohol  qairaanil 
with  HCl  were  heated  under  reflux  for  Ihour  on  a  water  bath.  Concentration  and  subsequent  cooilng <6  the 

Yield -2  gfSS^of 

A  sample  mixed  with  ester  (VIl)  obta:iUEif  by 


solution  led  to  precipitation  of  colorless  crystals  of  the  ester  (VII),  with  .m.p.  129-130' 
theoretical).  After  crystallization  from  alcohol,  m.p.  131-132' 
condensation  EactioD  melted  at  the  same  temperature. 

IV.  Ccpd  jnsation  with  Benzyl  Bromide.  45  g  of  dlazoacetate  mixed  with  40  g  of  benzyl  bronnfe  wzs 
added  dropwise  with  stirring  to  200  g  of  benzyl  bromide  and  0.5  g  of  copper  powder,  heated  at  120*.  HUS  laeiri 
of  nitrogen  were  evolved  (21*.  768  mm).  The  reaction  product  was  separated  from  catalyst  by  filtrattinx  aod 
redistilled  In  vacuo.  After  distilling  off  the  principal  excess  benzyl  bromide  (200  g,  b.p.  82-85*  at  14  mm^, 

8.2  g  of  a  fraction  with  b.p.  93-96*  at  14  mm  was  distilled  off,  which  had  an  ethereal  odor  and  was  unsiTiiraittfl 
with  respect  to  KMnO^.  The  content  of  this  fraction  was  taken  to  be  fumaric  acid  ester  (according  to  tfte 
literature,  b.p.  u  98*  at  14  mm)  on  the  b^sis  of  having  synthesized  the  diphenacylic  ester,  with  m.p.  , 
from  it  by  the  earlier-described  [2]  method.  The  latter  was  identified  with  known  diphcnacylfumaratefry  iSe 
mixed  sample  test. 

After  removal  of  the  fumarate,  there  remamed  in  the  distilling  flask  a  viscous,  resinous  prodnesof  £ai^ 
color,  which  was  not  distillable  in  a  vacuum  of  0.01  mm. 

Investigation  of  the  Non-Distlllable  Ri^sidue.  The  Hydrazide  of  Hydrocinnamtc  Acid.  The  cstor 
a-bromhydrocinnamic  acid  (XIIQ  was  assumed  to  be  present  in  the  non  distiliable  residue,  according  to  B^racuiu 

(12) .  Because  of  the  impossibility  of  separating  the  ester  (Xlil)  from  the  residue,  an  attempt  was  made  aa>  ctacium 
it  into  cinnamic  acid  by  the  action  of  alcoholic  alkali  upon  the  entire  resinou>  residue.  Upon  acidificarioc  efftthe 
alkaline  solution,  a  viscous,  dark-colored  acid  of  iemi-liquid  consistency  resulted,  purification  and  enanecenzation 
of  which  was  unsuccessful.  A  second  attempt  consisted  in  a  reductive  dehalogenation  of  the  residue  Jae  Efliattion 

(13) 1 

20  g  of  zme  dust  was  gradually  added  to  a  mixture  composed  of  50  g  of  the  resinous  residue,  bD  url  cf 
acetic  acid,  and  50  g  of  alcohol  heated  to  60*.  After  1  hour  of  heatmg,  the  solution  was  separated  from  c5e  xanc 
by  filtratioii,  the  filtrate  was  diluted  with  water,  and  then  neutralized  with  dry  soda.  The  oily  layer  that  seTaraoed 
was  extracted  with  ether.  After  drying  and  distilling  off  the  solvent,  the  oil  was  molemlarlv  distilled  at 


SUMMARY 

,  ^  condensing  diazoacetate  with  di-  and  tri-phenylbrommethane  In  the  presence  of  anhydrous  copper 

a  ^  obtained  in  one  step,  and  with  satisfactory  yields,  various  compounds  which  arc  eidss  qq« 

described  in  the  literature,  or  which  are  not  easily  accessible  tor  synthesis  by  other  means. 

viHd  TtiA  bromide  in  rhe  presence  of  copper  bronze  also  condenses  with  diazocetate,  but  only  in 
triohenvihm  "crease  in  y.eld  of  condensation  product  m  the  series  benzyl  bromide-dlphenylbrommttframe- 

trlphenylbrommethane  may  be  related  to  the  decrease  in  energy  of  the  C-Br  bond  in  this  series. 

structures  and  ^®'^***"  substances  have  been  investigated  for  the  purpose  of  determimiig  tibczi 

dUzoacetate  in  ‘"cchanism  of  reaction  between  halogen  derivatives  of  the  hydrocaiboi*  wiA 

ouzoacetate  m  the  presence  of  copper  catalvsu 


4.  The  conclujion  postulated  regarding  the  mechanism  of  the  reactions  for  all  three  halogen  derivatives 
of  the  aliphatic-aromatic  series  investigated  here  allows  ons  to  assume  a  single  common  mechanism  of  interactioa 
as  for  that  described  earlier  for  the  halogen  derivatives  of  the  aliphatic  hydrocarbons. 
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SULFONATION  AND  SULFONIC  ACIDS  OF  ACIDOPHOBIC  COMPOUNDS 

XXL  SULFONATION  OF  2,5-DlMETHYLTHIOPHENE.  A  COMPARISON  OF  THE  SULFONATING  ACTIONS  OF  PYRI- 
DINE-SULFOTRIOXIDE,  PYRIDINE-BIS-SULFOTRIOXIDE  AND  OF  DIOXANE-SULFOTRIOXIDE 

A.  P.  Terentyev  and- G.  M.  Kadattky 


In  the  works  on  sultonation  of  various  acldophcbic  compounds  by  one  of  us  with  his  co-workers 
various  compounds  of  sulfuric  anhydride  were  used;  pyridine-sulfotrioxlde  (Py-  SOj)  .  pyridine-bis-sulfotrloxide 
(Py*  S)0|)  and  dioxane-sulfotrioxide  (D*  SOj).  The  actions  of  the  first  and  second  fl],  and  also  of  the  first  and 
third  PI  were  compared  with  thiophene  and  pyrrole  derivatives.  To  compare  their  sulfonating  actions  on  the  same 
compounds,  thiophene  sulfonation  was  also  carried  out  with  D*  SOj  and  2,5-dimethylthiophene  with  all  three  re¬ 
agents. 

On  the  basis  of  work  carried  out  earlier  on  the  sulfonation  of  pyrrole  derivatives,  it  can  be  concluded  that  • 
D’  SOj  at  room  temperature  and  Py.  SOj  at  J 00-120*  possess  the  same  sulfonating  ability  and  give  the  same  sulfo- 
derivatives.  it  seemed  that  thiophene  with  D*  SOj  should  also  produce  the  disulfoacids.  However,  the  investi¬ 
gation  carried  out  indicated  that  at  room  temperature  thiophene  is  su^fonated  to  the  monosulfo  acid.  Thus,  D*  SO^ 
is  closer  in  its  properties  to  Py.  .^Oj  than  the  monosulfonating  thiophene  under  the  same  conditions.  v/ith 

the  use  of  two  reagents,  yields  of  the  same  order  resulted  ~  75  and  8 6'Jfc. respectively. 

A  test  of  the  action  of  thre«  reagents  on  2.5-dimeth>ithi^phene  has  also  indicated  that  Py*  SjOj  and 
D*  SOj  react  similarly,  and  give  2,5-dimethylthiophenylsulfonic~3-acid  in  .Imost  theoretical  yield  -  up  to  OS'Jfc. 

Py  •  SOj  even  at  135*  gives  considerably  lower  yield  of  monosulfo  acid  (47*5^,  calculated  according  to  substance 
taken:  75<^  calculating  on  the  basis  of  thioxene  entered  into  reaction). 

Interaction  of  Py  SOj  and  thioxene  showed  a  depressed  activity  for  tlie  latter  as  compared  with  thiophene, 
which  under  these  conditions  gave  the  disulfoacid  in  good  yield.  This  result  indicates:  distinction  between  the  a- 
and  6 -positions  of  the  thiophene  ring.  Even  when  activated  by  methyl  groups,  the  fl -positions  arc  considerably  le» 
reactive.  This  reaction  also  shows  that  2,5-dimeihylthiophene,  with  reference  to  its  activity,  is  placed  between 
thiophene  and  benzene,  somewhat  closer  to  the  laner. 

In  one  of  the  preceding  articles  (1),  the  possibility  of  direct  synthesis  of  the  sulfochlonde  from  the  pyridine 
salt  which  resulted  from  interaction  of  thiophene  with  Py  SjOj  was  demonstrated.  In  the  present  work,  the  2,4- 
dimethylthiophenylsulfochloride  synthesized  by  the  same  method,  and  without  separating,  was  converted  to  the 
sulfamide  with  a  total  yield  of  44 

In  using  D*  SOj,  the  authors  have  taken  approximately  a  double  excess  of  dioxane  in  the  sulfonation  reaction. 
It  is  possible  that  the  use  of  other  ratios  for  dioxane  and  sulfuric  anhydride  will  produce  a  sulfonating  agent  with 
somewhat  different  properties. 

It  is  necessary  to  mention  that  the  direct  monosulfonation  of  2,5-dlmethylthiophene  has  been  realized  for 
the  first  time,  by  the  authors.  L.  Kcisei  [4]  obtained  the  monosulfo  acid  by  an  indirect  method  -  by  dehalogenation 
of  4-brom-2,5-dimethylthiophenylsulfonlc-3-acid,  obtained  by  the  action  of  sulfuric  acid  on  bromthioxene. 

W.  Steinkopf,  H.  Jacob  and  H.  Penz  [5]  obtained  the  anhydride  of  the  disulfoacid  in  50^  yield  by  sulfonation  of 
thioxene  with  33<?fc  oleum. 

EXPERIMENTAL 

Thiophene  was  obtained  by  interacting  sodium  succinate  with  phosphorus  pentasulfide  (6):  2,5-dimethyl¬ 
thiophene  -by  heating  acetonylacetone;  2,5-dimethylfurane  by  hydrolysis  with  phosphorus  trisulfide  [7J._ 


SuKonatton  of  2.5-DtmethyUhlophene 

1  With  Pvtldlnculfotrloxlde.  4  t  of  thtoxcne.  5.7  g  of  Py  SO,  and  C  ml  of  dlchlorethaw  were  heated  « 

J30-  in  atealed  mbe  to  compiei.Tu7loh  of  Py-  SQ  (Shout,).  The  cooled,  light-blown  .ulfo  mas,  wa,  «.,ed 
with  water.  Ihe  water  layer  war  healed  with  an  ac  t,.  of  barium  carbonate  for  complete  removal  of  pyridine  and 
water  vapor.  A'ter  filtration,  the  aqueoui  wlutlon  wa,  evaporated  to  a  small  volume  and  the  salt  wa,  precipluted 
with  alcohol;  yield  4  55  g  (46,5^).  From  the  dichlorethane  layer,  by  mercurlzatlon,  wai  isolated  1.5  g  of  thloxers 
which  did  not  cuter  into  the  reaction.  The  yield  of  alt.  calculated  on  the  ba.l,  of  thloxene  which  entered  Into 
reaction,  was  74.6^ 

2.  With  Pyrldine-bis-sulfotrioxifle.  1.12  g  of  ihioxene  was  added  to  Py •  5,0^  prepared  from  1  6  g  of  Py-  S0| 
and  0.8  g  of  sulfuric  anhydride  In's*  ml’ of  dichlorethane.  After  24  hours  the  greenish  reaction  mass  was  treated 
with  an  excess  of  an  aqueous  suspensiof  of  barium  carbonate,  with  heating.  After  the  usual  separation,  2.6  g 

(93. 8<Jfc)  of  barium  2,5-dimethylthiophenylsulfonate-3  resulted. 

3.  With  Dioxanesulfotrioxidc.  3.36  g  of  thioxene  was  added  to  Uie  D*  SO,  solution  prepared  from  4.8  g  of 
sulfuric  anhydride  and  10  ml  of  dioxane  in  48  ml  of  dichlorethane.  After  sundlng  for  24  hours,  the  dark-colored 
reaction  mass,  from  which  at  times  dioxanesulfonatc  crystals  precipitated,  was  treated  as  usual.  7.8  g  (95.1^)  of 
the  barium  salt  resulted. 

Barium  2.5-  dimetbylthiophenesulfonate  —  white  lustrous  scales,  readily  soluble  in  water. 

3.068  mg  substance;  1.321  mg  BaS04.  7.792  mg  substance:  3.345  mg  3aS04,  3.390  mg  substance:  1.481 
mg  BaSC4.  Found  <51.:  Ba  25.34,  25.26,  25.71.  Ci,Hi404S4Ba.  Calculated  Ba  25.54. 

The  S-(  a-naphthylmethyl)-ihiouronic  salt  of  2,5-<llmethylthiophcnesulfonic-3  acid  was  obtained  by  the 
interaction  of  equivalent  quantities  of  saturated  aqueous  solutions  of  naphthylmeihylrhiouronium  chloride  and  the 
barium  salt  of  thioxenesulfoacid.  The  resulting  precipitate  was  recrystallized  from  aqueous  alcohol,  m.p.  195*, 

4.840  mg  substance:  0.304  ml  N,  (26*,  745  mm).  Found  N  6  80.  C|,H„p,N,S,.  Calculated  <3^:  N  6.87. 

2.5-Dimethylchiophepesul  famlde-3.  To  Py  •  SjO,.  prepared  from  4.8  g  of  Py  •  SO,  and  2.4  g  of  sulfuric 
anhydride  in  24  ml  of  dichlorethane,  3.36  g  of  thioxene  was  added.  6.3  g  of  phosphorus  pentachloride  was  added 
after  a  period  of  72  hours.  After  3  hours  the  mixture  was  poured  onto  Ice.  and  the  die  More  tha^'c  layer  separated. 

A  concentrated  solution  of  ammonia  was  added  to  it,  the  mixture  concentrated  on  a  water  bath,  and  the  residue 
reprocessed  with  ammonia  ar1  concentrated  by  evaporation. 

The  dry  residue  was  placed  in  a  glass  tube,  one  end  of  which  was  pulled  out  to  a  capillary.  This  micro- 
flask  extractor  was  suspended  by  a  thin  wire  to  a  reflux  condenser  connected  to  a  round -bottomed  flask  containing 
ether.  The  flask  with  the  microextractor  was  placed  in  warm  water  and  the  sulfamide  extracted  by  the  ether 
flowing  down  from  the  condenser.  The  yield  of  amide  was  2.2  g  (44%).  m.p.  141-142*.  Literature  data:  m.p.  135*  (41 

Sulfonatton  of  Thiophene  with  Dioxanesulfotrioxide,  3  g  of  sulfuric  anhydride  dissolved  In  30  ml  of  dichlor¬ 
ethane  was  added  to  5  ml  of  dioxane  with  ice-water  cooling  and  stinlng.  followed  by  3.1  g  of  thiophene.  After 
standing  for  three  days  and  nights,  the  liquid,  green  in  color,  containing  the  dioxane  salt  crystals,  was  treated  with 
water.  6.4  g  of  barium  thlophenesulfonate-2  resulted  from  the  aqueous  solution  by  the  asual  procedure.  Yield  was 
about  75%  calculated  on  the  basis  of  thiophene  taken. 

SUMMARY 

A  comparison  of  the  sulfonating  actions  of  pyridinesulfotrioxide,  pyridine-bisulfotrioxide  and  dioxanesulfo¬ 
trioxide,  with  the  examples  of  thiophene  and  2,5-dimethylthiophene  sulfonation,  have  been  carried  out  in  this  work. 

It  has  been  demonstrated  that  the  last  two  reagents  are  siin  ilar  in  action.  They  sulfonate  thiophene  with  86  and 
75%  yields,  and  2,5-dimethylthiophene  with  94  and  95%.  respectively,  producing  the  monosulfo  derivatives.  Pyrl- 
dinesulforrloxide  at  130*  also  gives  the  monosulfo  acid  of  2.5-dimethylthiophene,  but  with  75%  yield,  calculated 
on  the  basis  of  thioxene  that  entered  into  reaction. 
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THE  SULFONATION  REACTION 

XXVL  DETERMINATION  OF  SOME  DI- AND  TRI-SULFOACIDS  OF  NAPHTHALENE 
.  A.  A.  Spryskov  and  B.  1.  Karavaev 

The  authors  at  an  earlier  date  [1]  developed  a  method  for  the  quantitative  determination  of  1,5-,  2,6-  and 
2,7‘disulfoacids  of  naphthalene  In  sulfonation  mixtures  which  do  not  contain  the  monosulfoacids  of  naphthalene.  A 
brief  review  of  the  literature  on  analysis  of  disulfo  mixtures  was  given  in  the  work  mentioned.  The  foundation  of 
the  preMnt  work  on  analysis  of  naphthalene  dlsulfoacids  is  the  method  of  exhaustive  sulfonation.  This  method  was 
proposed  for  the  first  time  by  V.  N.  llfimtsev  and  A.  F.  Krivoshlykova  [2]  who,  after  sulfonation  with  oleum, 
nitrated  the  mixture  and  then  reduced  the  nitrogroups,  and  diazotized  the  aminosulfoacid.  Thus,  the  relative 
quantities  of  1,6- and  l,7'naph*}.alencdi5uIfoacids  were  determined,  but  the  method  was  not  tested  on  artificial 
mixtures  In  the  presence  of  other  isomers,  and  the  degree  of  its  accuracy  is  apparently  not  high.  Lantz  [3] 
likewise  used  essentially  the  sajne  me»hod,  after  sulfonation.  nitrating  the  mixture  in  the  cold  and  with 
heating.  However,  this  method  was  tested  by  Lantz  without  the  presence  of  1  7- and  13-lsomers,  and  requires  large 
conections  which  are  experimentally  found  fof  each  determination,  which  makes  it  unreliable. 

Upon  exhaustive  sulfonation  with  oleum.  1,5-  1,7-  and  2,6-'naphthalenedsulfO' acids  convert  into  1, 3,5,7- 
tetrasulfoacld,  and  the  l,:-and  2.7-disulfcBcids  into  1.3,6-trisulfoacid.  As  shown  below,  the  1,3 disulfo  acid  sulfon-. 
ates  to  the  extent  of  75^  into  1.3.5,7-tetrasultoacid. 

In  addition  to  the  exhaustive  sulfonation.  as  a  basis  of  the  method  is  observation  that  l,3.S,7-4uphthalene- 
tetrasulfochloride  is  almost  completely  insoluble  in  benzene,  while  1,3,6-riaphthalenetrisulfoclilonde  dissolves  in 
the  amount  of  10.7  g  per  100  g  of  solution  [4].  Therefore,  the  disulfoacid  mixture  is  sulfonated  with  oleum,  and 
then  chlorsulfonic  ac'd  is  added  to  the  mixture  to  convert  the  sulfo  acids  into  the  chlorides.  The  mixture  is  poured 
onto  ice,  the  chlorides  ate  filtered  off,  dried,  weighed,  and  then  treated  on  the  filter  with  benzene.  After  weighing 
the  tetrachloride  residue,  the  ratio  of  disulfoacids  sulfonating  to  tri-  and  tetra-derivatives  is  determined. 

In  combination  with  the  earlier  developed  method  fl]  for  the  determination  of  1,5-  2.7  •  and  2,6-isomcrf, 
the  exhaustive  sulfonation  method  permits  detennination  of  the  i,6-isomer,  and  by  difference  the  1,7-lsomer.  also. 

In  the  absence  of  1,3-disulfoacid  in  the  mixture.  With  a  small  amount  of  the  latter,  its  sum  with  the  1,7-  Isomer 
is  determined  with  some  error. 

The  method  described  above  also  permits  determination  of  the  1,3,6-trisulfoacid  and  the  sum  total  of  1,3,5- 
and  1.3.7-trisulfoacids  in  a  mixture  containing  trisulfoacids  of  naphthalene. 


EXPERIMENTAL 

The  tri-  and  tetra-sulfoacids  are  not  completely  converted  into  the  chloride*  by  the  action  of  chlorsulfonic 
acid;  therefore,  the  first  prerequisite  is  to  demor.sria^e  that  tri-and  te*ia -chlorides  are  formed  in  the  same  ratios 
in  which  the  tri-  and  tetra-sulfoacids  are  ixesent  m  tlie  mixture  at  the  start. 


A  weighed  portion  of  1,3,6-naphrhalenetrisulfochloride,  m.p,  198  5*,  was  mixed  with  a  weighed  portion  of 
1,3,5, 7-tetrac Monde,  m.p.  272".  The  chlorides  were  dissolved  in  mixtures  of  variable  composrtion  of  chlorsulfonic 

and  sulfuric  acids,  the  solution  was  heated  for 


table  1 


Isolation  of  the  Chlorides  from  a  Solution  Containing  a 
Mixture  of  Chlorsulfonic  and  Sulfuric  Acids. 


Expt. 

lj*aken  (in 

Found  (in  <5^ 

No. 

1,3,6-tri- 

1,3,5, 7-tetra- 

tri-  1 

tetra- 

cMoride 

chloride 

chloride  ; 

chloride 

219 

10.6 

89.4 

! 

11.1 

88.9 

226 

50.5 

49.5 

51.2 

48.8 

225 

58.5 

41.5 

59.0  1 

41.0 

224 

81.0 

19.0 

81.6  1 

18.4 

2  hours  at  125*.  and  then  was  poured  on  ice. 

The  chlorides  were  filtered  off.  washed,  dried 
and  weighed.  The  1,3,6-trichloride  was  then 
washed  with  benzene  on  the  filter,  and  from 
the  tetrachloride  residue  the  ratio  with  cMoridcs 
was  determined.  The  experimental  results, 
given  in  Table  1  indicate  that  the  sulfoacids 
convert  into  the  chlorides,  and  in  the  same 
ratios  in  which  they  are  present  dissolved  In  a 
mixture  of  chlorsulfonic  and  sulfuric  acids. 

The  procedure  was  then  developed  . 
for  sulfonation  experiments  on  disulfochloride 
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mixture..  A  veiled  portion  of  the  pure  disulfochloride.  we,  placed  in  .  te.i  tube  and  3 

added,  about  1  g  in  total  weight.  The  teit  tube  was  sealed  and  heated  at  a  temperature  of  160-162  for  2^l»^ 
The  tube  was  then  opened  and  5  ml  of  chlorsulfonic  acid  was  added  and  the  mixture  again  heated  at  120-125  fw 
2  hours  to  convert  the  sulfoacids  into  the  chlorides.  The  mixture  was  then  poured  onto  ice  the  chlorides  filtered 
off,  washed  with  water,  dried,  weighed,  washed  with  benzene,  and  the  residue  again  weighed. 

The  experimental  results  given  in  Table  2  indicate  that  the  deviation  after  conversion  of  the  tetrachloride 
to  the  dichloride  docs  not  exceed  1^.  At  the  same  time,  the  1.3  disulfochloride  forms  75<7*  of  the  tetrasulfoacid 
and  25^ofthe  trisulfoacid.  The  tetrachloride  was  obtained  with  somewhat  lower  melting  point  than  the  pure  pro¬ 
duct  (Table  2). 

TABLE  2 

Exhaustive  Sulfonation  of  Naphthalenedisulfochloride  at  a  Temperature  of  160-162 


Exper¬ 

iment 

No. 

Dichloride  taken  (in  <%of  the  total  weighed  portion) 

Tetrachloride 
found  by  con- 
vers.ion  to  dl- 
c  Monde 

Difference 

(in*?!) 

Melting  point 
of  the 
tetrachloride 

1.3- 

1.5- 

1.6- 

1.7- 

2.G- 

2.7- 

252 

100 

76.8 

252* 

246 

100 

74.5 

249 

251 

51.7 

48.3 

51.2 

0.5 

250 

228 

30  6 

69.4 

29.8 

0.8 

252 

233 

94.2 

5.8 

94.2 

0 

261 

245 

9.6 

90.4 

9.2 

0.4 

248 

10.1 

89.9 

10.2 

0.1 

204 

29.4 

70.6 

28.4 

1.0 

255 

239* 

31.3  - 

68.7 

31.1 

0.2 

205 

44.6 

55.4 

44.8 

0.2 

252 

247 

50.2 

49.8 

51.0 

0.8 

250 

78.7 

21.3 

77.9 

0.8 

254 

236 

79.3 

20.7 

78.6 

0.7 

258 

214 

93.4 

1  6.6 

93.7 

0.3 

254 

Finally,  the  method  was  tested  on  artificial  mixtures  of  the  pure  disulfoacids  of  naphthalene.  To  a 
weighed  portion  of  about  1  g  of  the  disulfoacid  mixture,  containing  a  known  quantity  of  water  of  hydration, 

2  to  2.3  g  of  the  raonohydrate  of  sulfuric  acid  was  added.  The  mixture  thus  resulted  in  an  H{S04  concentra¬ 
tion  of  86-SO^,  approximating  that  resulting  from  sulfonation  of  naphthalene  to  the  disulfo  stage  with  the 
monohydrate  of  98^  HjSO^.  5-7  ml  of  oleum  was  added  to  the  mixture  and  the  sulfo  mass  was  heated  for  2 
hours  at  160*  in  a  sealed  test  tube.  The  sulfo  acids  were  then  converted  to  the  chlorides  by  heating  with  15 
mi  of  chlorsulfonic  acid.  Further  steps  are  described  above.  The  experimental  results  given  in  Table  3  in¬ 
dicate  that  with  the  sulfo  acid  mixture  the  determination  errors  again  usually  do  not  exceed  I'Ji 

Determination.  About  3  g  of  the  sulfo  mass  (weighed  on  technical  scales) .with  a  content  of  about  1  g 
of  disulfoacids  is  placed  in  a  test  tube  and  '•  ml  of  6&J9  oleum  added.  The  test  tube  is  sealed  and  placed  in  a 
safety  iron  tube  with  screw  top  through  a  socket  in  which  1$  passed  a  Thermometer  and  the  tube  is  placed  in  an 
Eijkman  apparatus.  After  heating  at  161-163*’  for  2  hours  with  boiling  butyric  acid  in  the  outer  container  of 
the  Eijkman  apparatus,  the  test  tube  is  unsealed,  15  ml  of  chlorsulfonic  acid  added  to  the  sulfo  mass,  and  the 
mixture  heated  to  120-125*^  for  one  hour.  The  mass  is  then  poured  onto  pure  Ice;  the  chlorides  which  result 
in  the  amount  of  about  0.5-0.6  g  are  filtered  off,  washed  with  water,  dried,  weighed,  washed  about  six  times 
with  benzene,  taking  5  ml  portions  for  each  washing,  and  the  residue  then  weighed  again.  2-3  drops  of  the 
filtrate  from  the  last  washing  with  benzene  is  evaporated  on  a  watch  glass.  If  a  residue  is  not  evident,  then 
the  washing  is  terminated.  Before  pouring  the  mass  onto  ice  it  is  necessary  to  see  that  tetrachloride  pre¬ 
cipitate  not  separate  from  the  reaction  mixture.  'This  distorts  the  results.  In  such  case  the  mixture  is 
heated  anew  to  the  dusolution  of  the  precipitate,  and.  if  necessary,  chlorsulfonic  acid  is  added  and  the  mixture 
then  poured  while  warm  onto  the  Ice. 

The  of  disulfoacids  sulfonatlng  to  the  tetrasulfoacid  is  determined  by  the  formula; 

1,7-,  2.6-acId)  =  —^22 -  ^ 

5.3i-l 
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TABLE  3 

Exhauitlve  Sulfonation  of  NaphihalenedijulfoacJd*  at  160*  for  2  bouri. 


Melting 
point 
of  the  tet* 


Exper¬ 

iment 


rachloride 


•  It  is  considered  that  1.3-disuIfoacid  converts  to  the  extent  of  15^  into  tetrasulfoacld  and  25^ 
into  trisulfoacid. 


where  a  =  weight  of  tri-  and  tetia-chloride  mixture,  b  =  weight  of  tetrachloride. 

Together  with  the  e a rlier*d escribed  fl]  method  for  determination  of  1.5-,  2,6-.  and  2,7-dtsulToacids, 
the  present  method  permits  a  complete  analysis  of  the  disulfomixtures  resulting  at  low  temperature,  in  the 
absence  of  1,3-  and  2,6-dlsulfoacids.  These  methods  applied  to  disulfomixtures  obtained  at  a  temperature  of 
about  130*  cannot  give  accurate  results  since  in  such  a  mixture  a  considerable  quantity  of  1,3-dlsulfoackl 
will  be  present,  which  does  not  sulfonate  completely  to  the  tetrasulfoacld.  Both  methods  are  applicable  to 
sulfo  mixtures  obtained  at  high  temperatures  (150-180*)',  since  with  a  complete  absence  of  the  l.S-disulfoacid 
the  mixture  is  composed  primarily  of  2,6- and  2,7-isomers,  and  the  1.3-acid  content  in  the  presence  of  1,6- 
and  1,7-lsomers  is  also  negligible,  in  such  mixtures  it  is  possible  to  determine  2,6-,  2,7-  and  1,6- and  the  sum 
of  1,7-  and  1,3-isomers.  This  method  is  also  applicable,  with  equal  success,  to  an  analysis  of  naphthalene  trl- 
sulfoacid  mixtures.  At  the  same  time  the  content  of  1,3,6-trisulfoacid  and  the  sum  of  1,3,5-  and  1,3,7-aiJulfo- 
acids  can  be  determined. 

The  following  products  were  used  by  the  authors  in  their  work;  1,5-naphthalenedisulfocUloridc,  m.p. 
184*;  1,3-dichlorlde,  m.p.  137*:  1,7-dichloride,  m.p.  122*;  l,C-dichloride,  m.p.  129*;  2,6-dichlonde,  m.p.  226**, 
and  2,7-dichloride  with  an  m.p.  of  162*.  Free  disulfoacids  resulted  in  which  the  content  of  water  of  crystalliza¬ 
tion  was  determined  alkalimetrically  by  saponification  of  the  chlorides  with  water-alcohol  mixture,  and  the 
solution  evaporated  to  dryness  on  a  water  bath  Distilled  chlorsulfonic  acid  and  pure  oleum  were  used. 

SUMMARY 

A  method  for  the  quantitative  determination  of  two  naphthalenedisulfoacid  groups  (sulfonating  to  the 
tetrasulfoacld  and  to  the  trisulfoacid)  has  been  developed  by  the  method  of  exhaustive  sulfonation,  conversion 
of  the  polysulfoaclds  into  the  chloranhydrides.  and  separation  of  the  latter  by  treatment  with  benzene. 

The  method  Is  applicable  to  the  analysis  of  naphthalenesulfoacid  mixtures.  The  error  in  determlnat'on 
of  the  isomers  does  not  exceed  by  the  method  described. 
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Disulfoacids  taken  (in 

%  of  total  welghet 

batch) 

Oleum 
taken 
(in  ml) 

Tetrachloride 

1 

Difference! 

(in«^) 

j  1.3- 
J - 

1.5- 

1.6- 

1.7-  2,6- 

2.7- 

found  by  con¬ 
version  to  di- 
sulfoacid  (^o) 

j  63.3 

36.7 

5 

63.2 

0.1 

1  58.2 

41.8 

5 

58.5 

0.3 

27.8 

72.2 

6 

27.4 

0.4 

21.8 

9.8  26.4 

42.0 

7 

35.5 

0.7 

17.3 

14.3  24.2 

44.2 

7 

39.0 

0.5 

48.7 

23.5 

10.0 

17.8 

6 

58.1 

0.6 

58.7 

20.7 

11.0  !  - 

9.6 

6 

69.6 

0.1 

17.5 

41.2 

23.7 

10.5  1  - 

7.1 

6 

65.0 

0.2* 

16.3 

40.5 

23.9 

9.4  i  - 

X 

9.9 

61.6 

0.5* 
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INTERACTION  OF  DIALK YLPHOSPHOROUS  ACIDS  WITH  ALDEHYDES  AND  KETONES 
IV.  BUTYL  AND  ALLYL  ESTERS  OF  a*HYDROXYALKYLPHOSPHINIC  ACIDS 
V.  S.  Abramov,  R.  V.  Dmitrieva  and  A.  S.  Kapustina 


The  butyl  and  allyl  esters  ot  various  a*hydroxyalkylphosphlnic  acids  are  described  in  the  present  article. 
The  esters  were  obtained  by  methods  described  In  the  preceding  articles  [1]  by  thi  authors  -  by  reacting  dibutyl- 
phosphorous  and  diallylphosphorous  acids  with  various  aldehydes  atxl  ketones  in  the  presence  of  freshly-prepared 
sodium  methylate.  The  reaction  proceeds  rapidly.  The  reaction  products  can  be  Immediately  fractionally  dis¬ 
tilled.  Upon  interaction  of  dlbutyl phosphorous  acid  with  methylpropyiketone,  dlethylketone  and  with  dibenzyl- 
ketone,  there  is  a  temperature  rise  of  from  13*  to  27*.  Such  a  rise  in  temperature  undoubtedly  indicates  progress 
in  the  reaction  and  formation  of  the  butyl  esters  of  the  corresponding  a-hydroxyalkylphosphinic  acids.  However, 
upon  fractionally  distilling  the  reaction  products,  it  appeared  impossible  to  separate  the  butyl  ester  of  a-hydroxy¬ 
alkylphosphinic  acid.  During  fractional  distillation  dibutylp'nosphorous  acid  distilled  off  slowly.  Mo/e  rapid  and 
intense  heating  during  the  fractional  distillation  led  to  violent  decomposition.  The  authors  consider  that  during 
the  fractional  distillation,  there  occurs  a  gradual  decomposition  of  the  butyl  ester  of  a-hydroxyalkylphosphinic 
acid: 


D»  /j  U* 

I  I  \d"  'tl  !»• 


O  OH 


H  R" 


Dibutylphosphorous  acid  distills  off  as  it  forms.  The  ketones  present  —  methylpropyiketone  and  diethyl- 
ketone  —  are  removed  in  vacuo  without  condensation,  dibenzylketone  being  recovered  completely  from  the  re¬ 
action. 


Upon  Interacting  dibutylphosphorous  acid  with  isovaleric  aldehyde,  the  reaction  mass  temperature  rose 
from  20*  to  104*  and  the  butyl  ester  of  a-hydroxy-y-methylbutylphosphlnic  acid  was  no  doubt  formed.  The  ester 
was  isolated,  but  upon  its  factional  distillation,  partial  decomposition  occurred.  Tne  acid  formed  was  added  to 
the  ester  and  Increased  the  phosphorous  content.  From  the  resulting  partial  decomposition  may  be  explained  the 
high  phosphorous  content  as  compared  with  theory. 

Upon  interacting  diallylphosphorous  acid  with  isovaleric  and  with  benzoic  aldehydes,  the  ten<perature  of 
the  reaction  mass  rose  with  reaction  from  23*  to  45*,  and  with  the  benzoic,  from  20*  to  98*.  Allyl  ester  of  a- 
hydroxyalkylphosphinic  acids  were  formed.  However,  esters  were  not  obtained  in  the  puic  state  since  gradual 
decomposition  occurred  during  tJielr  fractional  distillation.  It  was  even  possible  to  partially  redistill  the  allyl 
erter  of  a-hydroxybenzylohosphinlc  acid,  but  at  the  same  time  it  contained  a  large  quantity  of  decomposition 
products.  The  residue  polymerized  to  a  hard  mass  with  violent  decomposition.  A  similar  picture  resulted  from 
the  interaction  of  diallylphosphorous  acid  with  methyleihylketone  and  acetophenone.  From  the  heat  evolved 
during  the  course  of  the  reaction,  it  should  be  considered  that  the  allyl  esters  of  the  corresponding  a-hydroxy- 
alkylphosphinic  acids  are  produced;  however,  they  failed  to  separate. 

An  interesting  case  is  that  of  interaction  between  dibutylphosphorous  acid  and  the  ethyl  ester  of  2- 
ketocyclopenunecarboxyllc  acid.  If  dibutylphosphorous  acid  reacts  vigorously  with  cyclopentanone  and  with 
cyclohexanone  with  large  heat  evolution  and  with  formation  of  the  butyl  esters  of  a-hydroxycyclopentylphos- 
phinlc  and  a-hydroxycyclohexylphosphinic  acids,  then  the  presence  of  a  carbon  atom  of  the  carbethoxyl  group 
adjacent  to  the  carbonyl  group  eliminates  the  reaction.  Here  the  effect  of  the  carbethoxyl  group  is  evident. 

EXPERIMENTAL 

The  experiments  were  carried  out  in  the  same  manner  as  described  in  the  preceding  articles,  a  few 
drops  of  freshly-prepared  sodium  methylate  being  added  to  an  equimolccular  mixture  of  the  dibutylphosphorous 
or  diallylphosphorous  acid  and  the  aldehyde  or  the  ketone.  After  standing,  or  upon  heating  in  some  cases,  the 
reaction  products  were  fractionally  distilled  in  vacuo.  Data  for  the  resulting  butyl  and  allyl  esters  of  the  var¬ 
ious  a-hydroxyalkylphosphinic  acids  are  given  in  Tables  1  and  2. 
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TABLE  1 
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Phosphorous  content  fin 
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Formula  for  the  ester  obtained 
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lated 
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lated 
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1 

{C4H/>)|P-C  H-CH, 

'<  i 

6  OH 
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(9  Bua)  ! 

1.4384 

60.26 
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. 
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49.0 

. 
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X 

o 

o 

• 
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(CaHphP-CH-CHCHfCH,), 
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- 
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!  i 

0  OH 
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i 

4 
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- 
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5 
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64.88 

64.81 

59.2 
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• 
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6 
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7 
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1 

8 
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- 
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I 

• 

9 
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40.4 
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• 
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](C4H/)),f-COH<(  yCH, 

1.4570 
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48.7 
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10.91;  10.98 

1  ^ 
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• 

TABLE  2 

Allyl  Esters  of  a-HydroxyalKylphosphinic  Acids 
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Formula  for  the  ester  obtained 
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Interictlon  of  Pibutylphoiphoroui  Acid  with  Methylpropylhetone.  Die*h>!}<etoT>e  «nd  Dibenzylkerone.  9.7  g 
^0.05  mole)  of  dibutylphoiphdroui  Add  And  CQuimolcculAt  quAntitles  of  thic  followisg  were  tAken  for  rcActlon, 
reipectlvcly:  4.3  g  of  methylpropylkeione,  4.3  g  of  dtethylketonc  And  9.1  g  of  dibcMylketone.  A  few  drope  of 
freiWy-prepArcd  lodluni  methyUtc  was  Added  to  each  mUture.  The  reAci^ioc  idak  ^mperature  upon  Addition  of 
the  sodium  methylate  increased  from  20*  to  37*  in  the  reaction  of  dibutylpfaospboiows  acid  with  methylpropyl* 
ketone,  from  17*  to  33*  in  the  reaction  with  diethylketone,  and  from  21*  to  48*  in  lae  reaction  with  dibenzyl* 
ketone. 

The  reaction  products  were  heated  on  a  paraffin  bath  at  120*  to  13«*  for  a  prolonged  period  of  time. 

Upon  fractional  distillation  the  Initial  substances  in  all  cases  were  recoycied  with  soull  losses. 

Interaction  of  Dibutylphosphorous  Acid  with  the  Rhyl  Ester  of  2-Ketocydopettarjecarboxyltc  Acid.  9.7  g 
of  dibutylphosphorous  acid  and  7.8  g  of  the  ethyl  ester  of  2-ketocyclopentasieca'bctyl'c  acid  were  taken  for  re¬ 
action.  The  temperature  of  the  reaction  mass  rose  from  20*  to  23*  upon  addition  of  the  sodium  methylate.  The 
reaction  mass  was  heated  on  a  paraffin  bath  at  140-150*  for  a  prolonged  penod.  Dicing  fractional  distillation  in 
vacuo,  the  fractions  obtained  were:  3.6  g  of  the  ethyl  ester  of  2-l(etocyclopentaDecaiboxylic  acid  and  4  g  of  dl- 
butylphosphorous  acid.  The  residue  -*  a  non-distillable  resinous  mass. 

Interaction  of  Diallylpbosphorous  Acid  with  Isovaleric  Aldehyde.  3.1  g  of  dtallylphosphorous  acid  and 
4.5  g  of  isovaleric  aldehyde  were  taken  for  reaction.  The  temperature  of  tbe  reactioa  mass  rose  from  23*  to 
45*  upon  addition  of  freshly-i^repared  sodium  methylate  to  the  mixture.  Owrmg  fractioaal  distillation  of  the  re¬ 
action  product,  the  initial  substances  were  distilled  off.  The  allyl  ester  of  a-hydrozy-y-methylbutylphosphinic 
acid  was  not  obtained. 

Imeraction  of  Diallyl phosphorous  Acid  with  Benzoic  Aldehyde.  8.1  g  of  diallylphosphorous  acid  and  6.3  g 
of  benzaldehyde  were  taken  for  reaction.  Several  drops  of  freshly-prepared  sodium  methylate  was  added  to  the 
mixture.  The  temperature  of  the  reaction  mau  rose  from  20*  to  98*.  The  product  was-then  fractionally  distilled 
in  vacuo.  Fractionation  was  carried  out  at  8  mm  of  final  pressure  with  partial  decomposition.  At  170*  violent 
decomposition  occuned  with  formation  of  a  light,  foamy,  hard  product.  IXcicg  repeated  distillations  of  the  pro¬ 
duct  which  distilled  during  the  first  fractionation,  up  to  170*,  violent  decocepositioa  was  again  repeated  with  the  same 
picture  of  hard  foam  formation.  The  allyl  ester  of  a-hydroxybenzylphospfcnic  acid  did  not  result. 

Interaction  of  Diallylphosphorous  Acid  with  MethylethyUeone  aqd  %flth  Acegphenone.  8.1  g  of  diallyl¬ 
phosphorous  acid  and  4  g  of  methylethyJ  iebne  or  6  g  ot  acetophenone,  were  takes  for  reaction.  Upon  addition 
of  sodium  methylate  to  the  reaction  mass,  the  reaction  temperature  rose  from  2Sto  44*  In  the  reaction  with  methyl- 
ethyl  ketone,  and  in  the  reaction  with  acetophenone  —  from  23*  to  62*.  Tbe  allyl  essen  of  the  corresponding  ar 
hydroxyalkylphosphlnic  acids  did  not  result  upon  fractional  distillation  of  tlie  reactson  products.  The  initial  pro¬ 
ducts  were  recovered. 

SUMMARY 

1,  Dibutylphosphorous  acid  and  diallylphosphorous  acid  in  the  preieoce  of  sodium  methylate  reacts  With 
aldehydes  and  ketones  to  give  esters  of  a*hydroxyalkylpbosphlnIc  acids.  Ten  butyl  es-*ers  of  various  a-hydroxy- 
alkylphosphlnic  acids  and  five  allyl  esters  of  various  a  hydroxyalkylphospfei.nic  acids  have  been  obtained. 

2.  Dibutylphosphorous  acid  and  diallylphosphorous  acid  react  with  a  whole  series  of  other  aldehydes  and 
ketones:  however,  the  esters  of  the  corresponding  a-hydroxyalkylphosphlnic  acids  fatl  to  .separate.  Upon  fractional 
distillation  decomposition  to  the  original  subsunces  takes  place.  The  decomposino!  proce.ss  proceeds  more  rapidly 
the  greater  the  radical  size  of  the  dialkylphospliorous  acid. 
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THE  SYNTHESIS  AND  PROPERTIES  OF  VINYLPHOSPHINIC  ESTERS 

L  THE  PHOSPHONETHYLATION  REACTION.  ADDITION  OT  DIALKYLPHOSPHOROUS 
acids;  AMMONIA  AND  AMINES  TO  THE  ETHYL  ESTER  OF  VINYLPHOSPHINIC  ACID. 

A.  N.  Pudovlk  and  G.  M.  Denisova 


In  a  series  of  works  completed  by  one  of  us  and  published  in  this  Journal  over  the  past  two  years,  a  new 
method  for  the  synthesis  of  various  estet  derivatives  of  phosphlnic  acids  was  developed,  which  consliu  of  add¬ 
ing  dialkylphosphorous  acids  to  unsaturated  electrophilic  reagents:,  unsaturaied  ketones,  aldehydes,  nitriles, 
acids  and  their  esters,  and  esters  of  the  vinyl  alcohols  [1 J  With  the  help  of  this  method,  a  number  of  unknown 
esters  of  ketophosphinlc,  hydro xyphosphinic  and  cyanphosphinic  acids,  as  well  as  esters  of  the  phosophocarboxylic 
acids,  and  others,  have  been  synthesized.  At  has  already  been  mentioned,  it  is  a  very  simple  method  in  proced¬ 
ure,  the  initial  components  are  readily  accessible,  and  in  a  majority  of  the  cases  leads  to  the  formation  of  phos- 
phinic  acid  esters  in  good  yield. 

To  develop  and  to  expand  this  investigation,  the  authors  have  decided  in  the  present  work  to  investigate 
the  possibility  of  using  addition  reactiom  between  an  electrophilic  reagent  and  esters  of  vinylphosphinlc  acid. 
Esters  of  vinylphosphinlc  acid  and  the  homologs  have  not  been  used  up  to  the  present  time  for  addition  reactions, 
and  it  should  be  mentioned  in  general  that  this  interesting  group  of  organophosphorous  compounds  has  as  yet  re¬ 
ceived  but  little  study.  The  literature  conulns  a  description  for  the  satisfactory  synthesis  of  only  the  simplest 
representative  of  the  unsaturated  phospainic  ester  series  —  namely,  that  of  the  ethyl  ester  of  vinylphosphinlc  acid 
[2],  which  has  also  been  used  by  the  authors.  The  vinylphosphinates  have  been  found  to  be  readily  obtainable, 
and  which  is  equally  important,  they  are  adequately  stable,  do  not  polymerize  upon  prolonged  storage  at  room 
temperature  or  during  the  process  of  vacuum  fractional  distillation. or  when  heated  for  several  hours  on  a  water 
bath. 

The  first  experiments  carried  out  with  vinylphosphinates  indicated  that  they  are  sufficiently  reactive  to 
allow  dialkylphosphorous  acids  to  add  to  ^m  in  the  presence  of  alcoholates  of  alkali  metals  Since  tlie  reac-, 
tlon  of  addition  to  unsaturated  phosphinates  has  received  do  study  at  all  up  to  the  present  time,  it  was  of  inter¬ 
est  therefore,  to  attempt  their  addition  to  other  nucleophilic  reagentt  usually  used  for  similar  purposes,  in  addi¬ 
tion  to  the  dialkylphosphorous  acids,  fteliminary  experiments  carried  out  along  these  lines  have  shown  that 
ammonia,  amines,  malonic,  cyanacetic  and  acetoacetlc  esters  and  their  homologs,  and  also  certain  other  re¬ 
agents  with  nrxsbile  hydrogen  atoms,  add  easily  and  rapidly  to  vinyl phosphinate  in  the  presence  of  alkali  metal 
alcoholates,  and  in  some  cases  without.  Thus,  this  new  reaction  of  nucleophilic  reagent  addition  to  vinylphos- 
phinate  which  has  been  discovered  by  tlse  authors,  apart  from  its  theoretical  interest,  may  also  prove  to  be  of 
practical  import  for  the  synthesis  of  various  phosphinate  derivatives. 

For  convenience,  and  in  order  to  reflect  the  basic  nature  of  the  process,  it  has  been  considered  expedient 
to  call  this  reaction  which  the  authors  have  newly  discovered  •'the  phosphonethylation  reaction",  by  analogy 
with  the  known  and  now  widely-used  cyaaethylation  reaction,  by  the  use  of  which  phosphonethylation  reaction 
the  phosphonethyl  group  can  be  introduced  into\arious  organic  compounds.  In  the  present  article  the  authors 
have  described  addition  to  vinylphosphinate  of  dialkylphosphorous  •acids,  of  ammonia,  artd  of  some  amines, 
for’ the  most  part  secondary. 

Addition  of  dialkylphosphorous  acids  to  vinylphosphinate  was  carrieu  out  by  the  a'jthors  in  the  presence 
of  alkali  metal  alcoholates.  To  avoid  exchange  of  radicals  between  the  alcoholates  and  the  dialkylphosphor- 
ou!  acids,  alcoholates  with  the  same  radicals  as  were  contained  in  the  dialkylphosphorous  acids  being  added 
were  used  in  the  reactiotu.  Inaction  proceeded  rapidly  and  was  accompanied  by  strong  heat  evolution  from 
the  reaction  mixtures.  Yields  of  the  addition  products  for  the  lower  dialkylphosphorous  acids  constituted  about 
eojt  of  the  theoretical.  The  resulting  esters  of  di-(dialkylpho$phon)-ethane  were  viscous,  colorless  liquids, 
readUy  soluble  in  water,  combining  with  alcohol  and  with  ether  in  all  proportions.  The  product  obtained  by 
addition  of  diethylphosphorous  acid  to  vinylphosphinate  was  found  to  be  identical  with  l,2-dl-(dlethylpho$phon)- 
ethme  synthesized  according  to  Ford-Moore  [3]  by  reaction  of  triethylphosphite  with  ethylene  bromide.  Constantt 


fa  .he  letie,  b.p.  IBT  (1  mm).  .4“  1.4425:  ..  obulned  by  .u.fa..  from  .he  .idl.l...  ...cUom 

1.2.dl.((ilethyIphoiphon).ethenelud»b.p.ofl64-16S'(2mni):ii{;  1.4410:  dj*  1.1316.  The  mechinlini  of  the 
addition  reaction  may  be  expressed  by  the  following  general  scheme; 
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The  authors  proceeded  to  investigate  addition  reactions  of  ammonia  and  amines  to  vlnylphosphlnate.  The 
first  experiments  which  Involved  the  addition  of  ammonia  to  vlnylphosphlnate  were  carried  out  in  aqueous  and  in 
alcoholic  solutions  at  room  tempaature,  without  catalyst,  and  did  not  lead  to  positive  results.  Only  by  conducting 
the  reaction  in  alcoholic  solution,  and  in  the  presence  of  a  small  quantity  of  methyl  alcoholate,  did  the  reaction 
proceed  successfully,  leading  to  a  67.2^  yield  of  6-dlethylphosphonethylamine;  b.p,  93-95  (4  .mm):  n^  1.4270: 
dJ*  1.0515.  The  ethyl/' jinophosphlnlc  acid  itself  was  earlier  syitthesized  by  rather  complex  methods:  by  Finkel" 
stein  —  from  the  ethyl  ester  of  6-dlethylphosphonproplonlc  acid  [4],  and  by  Kosollapoff  (5] “*  by  interaction  of  0- 
bromethylphthalimide  and  triethylphosphlte  with  subsequent  saponification  of  the  reaction  ivoduct.  Incidentally, 
it  should  be  mentioned  that  with  few  exceptions  very  little  is  known  at  present  about  the  amlnophosphlnates  and 
their  derivatives.  RecenUy,M.L  Kabachnik  and  hU  co-workers  [6]  obtained  amlnomcthylphosphinic  acid  and  some 
of  its  derivatives,  utilizing  the  reaction  between  the  ester  of  chlormethylphosphlnlc  acid  and  ammonia. 

With  further  investigation  of  the  addition  reaction  of  secondary  amines  to  vlnylphosphlnate,  there  was  ob¬ 
served  the  exceptional  ease  with  which  the  lower  aliphatic  secondary  amines  added.  The  addition  of  dimethyl- 
amine  to  vlnylphosphlnate  occurred  immediately  upon  combining  with  one  another,  while  at  the  same  time  the 
reaction  mixture  temperature  rose  to  ♦55*.  After  standing  for  24  hours  at  room  temperature,  the  yield  of  addi¬ 
tion  product  —  0-dlethylphosphonethyldimetbylam<ne  —  constituted  82f%.  The  0-diethylphosphonethyldImcthyl- 
amine  was  confirmed  by  its  synthesis  from  fl-bromethylphosphinic  ester  and  dlmethylamine.  Th^.^nstants  for  the 
two  products  were  found  to  be  identical.  The  addition  of  piperidine  to  the  vinylphosphinlc  ester  proceeded  some¬ 
what  less  vigorously.  After  combining  the  reagents,  the  temperature  of  the  reaction  mixture  had  risen  to  40*.  20 
minutes  after  start  of  the  experiment.  Reaction  proceeded  without  the  need  for  any  special  catalyst,  and  after 
24  hours  standing  at  room  temperature,  the  reaction  product  was  obtained  In  a  yield  of  52.6^  The  addition  of 
aniline  to  the  vinylphosphinlc  ester  was  attainable  only  in  the  presence  of  catalyst— sodium  methylate:  and  the 
reaction  did  not  go  very  smoothly.  Along  with  the  addition  product  —  0-diethylphosphonethylaniline,  which 
resulted  only  in  negligible  yield  —  a  large  quantity  of  low-boiling  fraction  was  obtained. 

The  addition  of  amines  to  the  vinylphosphinlc  ester  may  be  represented  by  the  following  scheme: 


(OCjH,), 


where  R  =  H,  CH^  CfH|,  and  other  groups. 

Results  of  reaction  with  diphenylamine  were  unsatisfactory:  addition  proceeded  quite  vigorously  in  the 
presence  of  sodium  ethylate,  but  the  addition  product  failed  to  separate  since  it  failed  to  crystallize  upon  standing, 
and  decomposed  with  attempts  at  distillation  in  high  vacuum. 

EXPERIMENTAL 

Addition  of  Dimethylphosphorous  Acid  to  Vinylphosphinlc  Ester.  Saturated  sodium  methylate  solution  in 
methyl  alcohol  was  added  dropwise  to  the  reaction  mixture,  which  consisted  of  8.2  g  of  vinylphosphinlc  ester  and 

^*ctIon  proceeded  very  violently  with  strong  heat  evolution,  and  even 
w  t  iling  of  the  reaction  mixture;  during  the  process  of  reaction,  considerable  Increase  in  viscosity  was  observed. 
After  standing  for  24  hours  at  room  temperature  the  reaction  mixture  was  fractionally  distilled  in  vacuo  from  a 
small  Arbuzov  flask.  From  the  fractional  dlsiUlation  there  resulted  a  small  quantity  of  initial  dimethylphosphor¬ 
ous  acid  and  7.2  g  of  l-dimethylphosphon-^-diethylphosphcnethane; 


b.p.  168-160^(2  mm);  ng  1.4430;  dj*  1.2075;  60.82;  calcuUted  60.87. 

0.1460  ft  lubitance:  67.7  ml  NaOH  (T  *  0.017841).  Fbund  flt:  P  23.1.  C.l^dOA 
OlcMlated  P  23.4. 

Addition  of  Diethyl  phosphorous  Acid  to  Vlnylphosphtntc  Ester.  A  laturated  solution  of  sodium  ethylate 
In  ethyl  alcohol  was  added  dropwisc  to  the  reaction  mixture  which  consisted  of  6  g  of  vinylphosphlnlc  ester  and 
5  ft  of  dlethylphosphorous  acid.  The  reaction  proceeded  as  vigorously  as  in  the  preceding  experiment.  From 
fractional  distillation  of  the  reaction  mixture,  there  resulted  6.3  g  of  1.2<dl(dlethylphospbone)ethane; 

b.p.  164-165*  (2  mm);  ng  1.4410;  df  1.1376;  MRp  70.13;  calculated  70.10. 

0.1614,  0.1526  ft  substance;  6.6,  6.35  ml  NaOH  (T  =  0.017841).  Found  P20.2.  20.5. 

Ci|l%p«P|.  Calculated  P  20.5 


Addition  of  Dlbutyl phosphorous  Acid  to  Vinylphosphlnlc  Ester.  Reaction  was  carried  out  with  4.6  ft  of 
vinylphosphlnlc  ester  and  5.5  g  of  dibuiylphosphorous  acid  in  the  presence  of  sodium  butylate.  From  the  first 
fractional  distillation  of  the  reaction  mixture,  5.2  g  of  l*dlethy)phosphon-2-dibuty]phosphonethane  resulted; 

b.p.  197-199*.  (2  mm);  ng  1.4430;  dj*  1.0681;  MRq  88.6;  calculated  88.1 

0.1435  ft  subsuncc:  49.8  ml  NaOH  (T  =  0.017841).  Found  <5t;  P  17.1.  CuHsO^s. 

Calculated  P  17.3 

Addition  of  Ammonia  to  Vinylphosphlnlc  Ester.  Experiment  L  10.4  g  of  the  vinylphosphlnlc  ester  was 
added  to  65  g  of  concentrated  aqueous  ammonia.  The  mixture  was  left  standing  at  room  temperature  for  24 
hours.  After  distilling  off  the  ammonia  and  water  In  low  vacuum,  the  residue  was  a  hard  glassy  mass. 

Experiment  n.  7  g  of  vinylphosphlnlc  ester  was  added  to  54.5  g  of  ethyl  alcohol  containing  10  g  of 
ammonia.  After  standing  for  24  Iiours  at  room  temperature  in  a  covered  flask,  followed  by  subsequent  frac¬ 
tional  distillation,  the  initial  products  were  recovered  (with  the  exception  of  a  small  fraction  boiling 
in  the  range  of  95-100*  at  S  mm). 


Experiment  IlL  The  experiment  was  carried  out  identically  with  the  preceding,  using  15  g  of  vlnyl- 
phosphlnlc  ester  in  the  presence  of  sodium  methylate.  There  resulted,  upon  fractional  distillation  of  the  reac¬ 
tion  mixture,  11  g  of  the  ethyl  ester  of  A-dlethylphosphonethylamine; 

b.p.  93-95*  (4  mm);  ng  1.4270;  dj*  1.0515;  MR^  44.20:  calculated  44.19. 

0.1486  g  substance:  47.4  ml  NaOH  (T  =  0.017841).  Found  <5fc;  P  16.6.  C|Hi^NP. 

Calculated  P  17.0. 

Addition  of  Dlmethylamlne  to  Vinylphosphlnlc  Ester.  4.5  g  of  dimethylamlne  was  added  to  5  g  of  vinyK 
phosphlnlc  ester.  Heat  evolution  from  the  reaction  mixture  was  observed  up  to  55*.  The  mixture  was  left  stand¬ 
ing  at  room  temperature  for  24  hours,  after  which  it  was  fractionally  distilled  in  vacuo.  5.3  gof  5-diethylphos- 
phonethyldlmethylamine  resulted: 

b.p.  103-104*  (4  mm);  ng  1.4345;  dj*  1.0157-  MRp  53.6;  calculated  53.9. 

0.1455  g  substance;  44.2  rnl  NaOH  (T  ^  0.017841).  Found  P  14.9.  CjH*,0,NP.  Calculated P  14.8. 

Action  of  Dlmethylamlne  Upon  Dhyl  6-Bromethylphosphlnic  ester.  A  mixture  of  10  g  of  0-bromethylphos- 
phinic  ester.  7.5  g  of  dlmethylamlne  and  25  ml  of  water  was  left  standing  for  2  hours.  25  ml  of  20*%  caustic 
soda  solution  was  then  added  to  It.  The  reaction  mixture  was  then  extracted  with  100  ml  of  benzene,  the  ben¬ 
zene-solution  dried  with  calcium  chloride,  the  benzene  distilled  off  on  a  water  bath,  and  the  residue  distilled 
In  vacuo.  3.2  g  of  0-diethylphosphonethyldlmethylamine  resulted; 

b.p.  108-109*  (6  mm);  ng  1.4340;  dj*  1.0154. 

Addition  of  Piperidine  to  Vinylphosphlnlc  Ester.  3.7  g  of  piperidine  was  added  to  5  g  of  vmylphosphinic 
ester.  Unle  heat  evolution  from  the  reaction  mixture  was  observed.  It  was  left  sundliig  at  room  temperature 
for  24  hours  and  was  then  fractionated.  4  g  of  ^  -diethylphosphonethylpiperldinc  was  separated. 

bp.  135-137*  (3  mm);dj*  1.0514:  ng  1.4605;  MRp  64.82;  calculated  65.5. 

0.128  g  subsunce;  32.9  ml  NaOH  (T  =  0.017841).  Found‘d:  P  12.6.  CaH|40sNP.  Calculated  P  12.5. 
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An  annlogous  product  resulted  from  fl-tromethylphcsphinate  end  piperidine. 

Addition  of  Aniline  to  Vlnylpbotphlnlc  E$ter.  Sodium  methylate  wlution  was  added  dropwlie  to  a  mixture 
of  7  g  of  vlnylphotphinlc  eiter  and  4  g  of  aniline.  Temperature  of  the  reaction  mixture  rose  rapidly  to  70* ••.  After 
the  temperature  fc  11,  the  reaction  mixture  was  then  heated  on  a  water  bath  for  1  lM>ur,  and  then  left  to  stand  for 
48  hours  at  room  temperature.  Upon  fractional  distillation  of  the  reaction  mixture,  there  was  separated  1.5  g  of 
fraction  with  b.p.  145-150*  (6  mm),  along  with  a  considerable  quantity  of  lower  boiling  fractions: 

b.p.  145-150*  (6  mm);  ng  1.4910:  df  1.0947;  Mi^j  68.03;  calculated  68.36. 

0.1445  g  subsunce;  33.3  ml  NaOH  (T  ■  0.017841).  Found  V  P  11.5.  Cnl^ 

CalcuUted^:  P  12.0. 

SUMMARY 

1.  A  new  type  of  reaction  phosphonethylation—  has  been  discovered,  consisting  of  the  addition  of  various 
nucleoj^ilic  reagents  to  the  ethyl  ester  of  vinylphosphinic  acid. 

2.  By  the  addition  of  dlalkylphosphorout  acids,  ammonia  and  amines  to  vinylphosphinic  ester,  there  have 
been  obtained,  respectively,  l,2-di^dialkylphosphon)-ethanes  and  0*^iethylphosphonethylamine  and  its  homologs. 
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THE  SYNTHESIS  AND  PROPERTIES  OF  VINYLPHOSPHINIC  ESTERS 

IL  THE  PHOSPHONETHYLATION  REACTION,  ADDITION  OF  MALONIC,  CYANACETIC  AND 
ACETOACETIC  ESTERS  AND  THEIR  HOMOLOGS  TO  VINYLPHOSPHINIC  ESTER 

A.  N.  Pudovik  and  O.  N.  Grishina 


In  their  previous  article,  the  authors  described  addition  reactions  of  dialkylphosphorous  acids,  ammonia 
and  certain  secondary  amines  to  vinylphosphinic  ester.  It  was  demonstrated  that  these  reaction  proceed  very 
smoothly  in  the  presence  of  catalysts  alcoholates  of  the  alkali  metals,  and  in  some  cases  also  without,  by 
simply  mixing  the  two  substances  together.  As  a  result  there  were  obtained  a  number  of  di'fdiphosphon)-ethane 
esters,  tiie  ethyl  ester  of  ft*«minoethylphosphinic  acid  and  a  number  of  its  derivatives.  In  view  of  the  consider¬ 
able  theoretical  and  practical  implications  of  the  phosphonethylation  reaction  which  has  been  discovered  by 
the  authors,  they  have  proceeded  to  extend  the  investigations  canied  out  so  far,  and  in  the  present  work  have 
studied  the  addition  reactions  of  malonic,  cyanacetic  and  acetcacetic  esters  and  their  homologs,  and  benzyl 
cyanide,  to  vinylphosphlnic  ester.  All  of  the  compounds  enumerated  possess  mobile  b/drogen  atoms  in  a 
methylene  group,  and  their  addition  to  various  types  of  <t-5-unsaturated  electrophilic  reagents  “  such  as  unsat¬ 
urated  acids  and  their  derivatives,  aldehydes,  ketones,  nitriles,  nitrocompounds,  and  others  —  has  been  the  object 
of  numerous  investigations  for  many  decades.  A  study  of  the  addition  of  malonic,  cyanacetic  and  acetoacetic 
esters  to  unsaturated  organophosphorous  compounds  has  not  been  carried  out  up  to  the  present  time. 

As  in  the  preceding  vrork,  the  authors  have  used  the  ethyl  ester  of  vinylphosphlnic  acid  as  an  onsaturated 
electrophilic  reagent,  which  has  been  found  to  be  the  simplest  and  most  accessible  of  the  vinylphosphlnic  esters 
known  up  to  the  present  time.  All  reactions  have  been  carried  out  in  the  presence  of  small  quantities  of  alkali 
metal  alcoholates:  without  the  use  of  catalysts,  rhe  reaction  falls  to  go.  It  was  noted  that  the  purest  products, 
boiling  widiin  a  narrow  temperatriie  range,  were  obtained  when  sodium  ethylate  was  used  as  the  catalyst.  When 
using  the  alcoholates  of  other  alcohols,  there  is  an  exchange  of  radicals  between  the  alcohol  and  the  ester  groups 
of  the  reactants,  which  ultimately  leads  to  formation  of  side  products  and  to  contamination,  by  the  same 
token,  of  the  main  reaction  product.  All  of  the  reactions  proceeded  with  considerable  heat  evolution  from  the 
reaction  mixture,  which,  in  some  cases,  attained  80-100*,  especially  upon  rapid  addition  of  the  ethylate  solution, 
and  was  accompanied  by  a  violent  boiling  up  of  the  reaction  mixture.  As  preliminary  experiments  have  demon¬ 
strated,  there  is  rw  resinification  of  the  vinylphosphlnic  ester;  neither  was  there  observed  a  decrease  in  the  yields 
of  addition  products  as  compared  with  experiments  carried  out  at  low  temperatures.  Therefore,  the  reaction  was 
allowed  to  continue  further  without  sp>ecial  cooling  of  the  reaction  mixtures,  but  with  slow  gradual  addition  of 
sodium  methylate.  The  procedural  method  adopted  allows  the  reactions  to  be  carried  out  easily  and  in  a 
very  short  time. 

Only  one  product  resulted  from  the  reaction  between  equimolecular  quantities  of  malonic  and  of  vinyl- 
phosj^inlc  esters  —  the  ethyl  ester  of  fl-dicthylphosphoriethylmalonlc  acid  in  80^  yield'  under  these  conditioru, 
the  addition  product  of  [nalonic  ester  to  two  molecules  of  vinylphosphlnic  ester  was  not  found. 

The  addition  of  the  malonic  ester  homologs-”  methyl-,  ethyl-,  propyK  and  n-butyl-malonic  esters —  to 
vinylphosphlnic  ester,  in  the 'presence  of  sodium  ethylate,  proceeds  very  smoothly:  the  corresponding  ethyl  esters 
of  0-diethylphosphonethylalkylmalonic  acid  result  in  good  yield.  Values  for  the  molecular  refraction  constants, 
and  yields  of  addition  products,  are  presented  in  Table  L 

The  course  of  the  addition  reaction  may  be  expressed  by  the  following  scheme; 


t  ^  .COOC,H,  ^ 

CH,=CH-Pvv  *CR  ♦  Na 

XOCjH,)*  'NcOOCjH, 

.COOCfl^ 

/COOCjH,  ^OKa  <^R 


XOOC2H, 

R(^H^-CHha  s 

VoOCjH,  ^(OC,H,)l 


R(5^1^-CH=P^ 


yCOOCtl^  ^^OOCjHi 

^c-ch,-ci^-F^  *  wfb  * 

VoCX:^H,  '<(OC,Hs),  '  COOCjHi 


COOC,l%  '^(OC,H,)t 


where:  R  *  H,  CI^,  CgHj,  n-CjHj,  n'C4H^ 


TABLE  1 


No. 

Formula 

Boiling 

point 

4' 

"S 

M 

Found 

- 

Calcu¬ 

lated 

Yield 

(In  ♦) 

1 

! - - - - 

/COOCjH,  ^ 

XOCX:,H»  ^(OC|H,)t 

158-159* 
(1  mm) 

1.1316 

1.4420 

76.41 

75.83 

79.6 

2 

yCOOCt^k  .  o 

175-177* 

1.1021 

1.44C0 

81.0  : 

80.98 

78.9 

N:ooc,h, 

(4  mm) 

3 

XOOCjH,  .  O 

XCXX:,H,  ^(OCjHj), 

162* 

(2.5  mm] 

1.0925 

1.4423 

1 

85.64 

85.39 

69.2 

4 

^OOCjH, 

nC|H,-<f-Cl^-CH,-PX 

\:OOC,H,  ^OC,H,)l 

175-176* 
(2  mm) 

1.0782 

1.4425 

90.26 

90.00 

78.4 

5 

/COOC,H,  ^ 

185-186* 

1.0640 

1.4432 

94.88 

94.82 

86.41 

N:S)c.^  \oc.H* 

(2.5  mm] 

1 

Diethylphosphonethylamalonlc  ester  and  its  hoiDologs  are  viscous,  colorless  liquids  with  a  faint  pleas¬ 
ant  odor,  insoluble  In  water,  readily  soluble  In  alcohol  and  in  ether.  • 

Two  addition  products  — B'diethylphosphonethylcyanacetlc  ester,  and  dI-{B  dlethylphosphonethyl)-cyan- 
acetic  esterr  re  suited  from  reaction  with  cyanacetic  ester  upon  combining  equlmolecular  quantities  of  the  reac< 
unts.  The  toul  yield  of  producU  was  62<5t.  Fractional  d'stUlatlon  of  the  reaction  mixture  was  accompanied  bj 


TABLE  2 


No. 

Formula 

Boiling 

"S 

mrd 

Yield 

point 

‘T- 

Found 

Calculated 

(‘"W 

1 

.COOCjH, 

^CN  ^<OC,H,), 

165-166* 
(2  mm) 

1.0989 

1.4430 

70.28 

69.96 

88.9 

XOOCjH, 

2 

c,h,-6-ch,-cH|-k 

\:n  ^oCjHs), 

166-167* 
(3.5  mm) 

1.0849 

1.4440 

74.76 

74.57 

66.2 

3 

/COcx:,H,  .o 
nCerij-C-CH. -c  HL 
^  '  \CN  ^ 

173-174* 
(2  mm) 

1.0702 

1.4443 

79.28 

79.19 

83.7 

4 

^COOCjH,  ^0 
n  C4H,“C-C1L-CH,-p: 

\cN 

i 

177-178* 
(3.5  mm) 

1.0584 

1.4460 

84.16 

83.81 

77.7 

considerable  decomposition,  even  with  the  use  of  high  vacuum,  which  was  no  doubt  reflected  in  both  the  yields 
of  products  and  their  purity.  In  all  of  the  experiments  carried  out,  both  products,  and  especially  the  dl-(B-dieth; 
phosphonethyl)-cyanacetlc  ester,  were  always  yellow  In  color,  and  at  times  yellow-brown.  Fractional  dlstillatioi 
of  the  addition  products  of  cyanacetic  ester  homologs  with  vinylphosphinic  ester  proceeded  without  visible  signs 
of  decomposition.  The  synthesized^  ethyl  esters  of  6-dIethylphosphonethylalkylcyanacetic  acid  were  found  to  be 
quite  viscous,  colorless,  or  faintly  colored  to  yellow  liquids.  Insoluble  in  water. 

Values  for  the  molecular  refraction  constants,  and  the  yields  of  obtained  ethyl  esters  of  B-<ilethylphoso- 
phenethylalkylcyanacetic  acid  are  given  in  Table  2  above. 


To  prove  the  structure  of  the  producu  obtained,  one  of  them  -  the  ethyl  ester  of  d-dlethylphosphonethyl- 
cyanacetlc  acid  ”  was  synthesized  by  the  authors  according  to  another  method:  by  reacting  the  ethyl  ester  of 
6-bromethylphosphinlc  ester  with  the  sodium  derlvaUve  of  ethylcyanacetle  acid  ester.  The  product  obulned  . 
corresponded  In  Its  constants  exactly  to  the  ethyl  ester  of  d*diethylphosphonethylethylcyanacetlc  acid  as  obtained 
by  the  method  of  the  authors. 

The  addition  of  acetoacetlc  ester  and  of  Its  homologi  to  vinyl phosphinlc  ester  proceeds  with  greater  dif¬ 
ficulty  as  compared  with  malonlc  and  cyanacetlc  esters  and  their  homologs.  A  considerable  quantity  of  caulyst 
had  to  be  added  to  the  mixture,  and  prolonged  heating  applied,  to  promote  reaction.  However,  even  under  these 
conditions,  the  yields  of  products  remained  very  negligible,  of  the  order  of  15*20 <511;  fractional  distlllatlon^f  the 
reaction  mixtures  was  accompanied  by  quUe  considerable  decomposition,  with  formation  of  considerable  quanti¬ 
ties  of  low-boiling  products. 

To  conclude,  the  addition  reaction  of  benzyl  cyanide  to  vinylphosphlnlc  ester  was  carried  out.  The  reac¬ 
tion  proceeded  very  vigorously,  with  formation  chiefly  of  dl-(6-dletliylphosphonethyl)-ben^l  cyanide,  and  only 
very  small  quantities  of  ^-diethylphosphonethyibenzylcyanide.  Total  yields  of  both  addition  products  consltuted 
about  20^ 

The  addition  of  cyanacetlc  and  acetoacetlc  esters,  their  homol^gs,  and  of  benzyl  cyanide  to  vlnylpbos- 
phlnic  ester  can  be  expressed  by  schemes  similar  to  the  one  given  above  for  the  reaction  with  malonlc  ester. 

EXPERIMENTAL 

Addition  of  Malonlc  Ester  to  Vinylphosphinic  Ester.  A  saturated  solution  of  sodium  ethylate  In  ethyl 
alcohol  was  added  dropwlse  to  the  reaction  mixture  which  consisted  of  8.5  g  of  vinylphosphlnlc  ester  and  10  g 
of  malonlc  ester.  A  strong  heat  evolution  from  tbe  reaction  mixture  was  observed.  Following  addition  of  ^ 
requisite  quantity  of  ethylate  necessary  to  complete  me  reaction  (to  the  cessation  of  heat  evolution)  which  pro¬ 
ceeded  for  10-15  minutes,  with  one  hour  standing  at  room*  temperature,  the  mixture  was  redistilled  In  vacuo. 

10.5  g  of  the  diethyl  ester  of  dxliethylphosphonethylmalonlc  acid  resulted  (Table  1:1). 

0.1564,  0.1573  g  subsUnce:  31.62.  31.82  ml  NaOH  (T  =  0.017841).  Found  P  9.99,  9.9a 
^CuHgOyP.  Calculated^:  P  9.55. 

Addition  of  Malonlc  Ester  HOmologs  to  Vinyl  Phosphinlc  Ester.  Reaction  was  carried  out  according  to  a 
procedure  similar  to  that  carried  out  in  the  preceding  experiment. 

Addition  of  Methylmalonic  Ester.  The  reaction  was  carried  out  between  4.9  g  of  vinylphosphlnlc  ester 
and  5.2  g  of  the  ethyl  ester  of  methylmalonic  acid.  6  g  of  the  diethyl  ester  of  6-<iietuylphosphonethylraethyl- 
malonlc  acid  resulted  from  two  fractional  distillations  (Table  1:2). 


0.1525  g  substance:  29.2  ml  NaOH(T  =  0.017841).  Found  P  9.46. 

Calculated  <5t:  P  9.14. 

Addition  of  Ethylmalonic  Ester.  6  g  of  vlnylphosphinic  and  10  g  of  ethylmalonlc  esters  were  taken  for 
reaction.  3.5  g  of  ethylmalonic  ester  was  recovered  during  fractional  distillation  of  the  reaction  mixture.  There 
resulted  7.2  g  of  the  ethyl  ester  of  P  dlethylphosphonethyiethylmalonic  acid  (Table  1:3). 

0.1526,  0.1528  g  substance:  26.43,  28.78  ml  NaOH  (T  =  0.017841).  Found<>»:  P  8.56,  8.66. 

C«f%AP.  Calculate  P8.79. 

Addition  of  Propylmalonic  Bter.  Reaction  was  carried  out  with  7.02  g  of  the  ethyl  ester  of  propylmalonlc 
acid  and  5.7  g  of  vlnylphosphinic  ester.  7.8  g  of  the  ethyl  ester  of  0-diethylpho$phonethylpropylmalonic  acid 
resulted  (Table  1:4). 

0.1508,  0.1506  g  substance:  26.6,  26.5  ml  NaOH  (T  =  0.017841).  Found  P  8.71,  8.66.  CigHjiD^. 

Calculated  P  8.46. 

Addition  of  Butylmalonic  Ester.  Reaction  was  carried  out  with  5.7g  of  vlnylphosphinic  ester  and  7.6  g 
of  the  ethyl  ester  of  butylmalonic  acid.  7.8  g  of  the  ethyl  ester  of  6<iiethylphosphonethylbutylmalonic  acid  re¬ 
sulted  (Table  1:5). 

0.1517,  0.1524  g  subsunce:  25.55,  25.62  ml  NaOH  (T  =  0.017841).  Found  P  8.32,  8.30. 

CitHmO^.  Calculated ‘Jt:  P8.14. 


^ddltl£no£C^*niicctlcJ&lerjlo^Vinj[l£h2*2ilj£i£..^^S:  cywucctlc  eitcr  w**  Added  to  12  g of 

vlnylphosphinlc  ester,  after  which  a  saturated  solution  of  sodiam  ethylate  was  slowly  added  diopwise  to  the  re¬ 
action  mixture.  Reaction  proceeded  very  vigorously,  the  addition  of  each  drop  being  accompanied  by  evolu¬ 
tion  of  heat  from  the  reaction  mixture.  Dropwise  additioa  was  continued  fa  15'^0  minutes,  with  periodic 
cooling  of  the  reaction  mixture  with  water.  Partial  decomposition  of  the  reaction  mau  was  observed  during 
the  distillation  process:  condenser  and  receiving  flasks  during  the  distillation  were  filled  at  all  times  with 
white  vapors.  As  the  result  of  the  first  fractional  dlstillatioa.  three  fractions  were  separated;  1)  65-170*  (4 
mm)  -  2  g;  2)  170-177*  (4  mm)  -  4.1  g;  3)  206-255*  (8  ram)  -  8.8  g.  As  the  result  of  repeated  dlstlUatloa 
of  these  three  fractions,  3.1  g  of  the  ethyl  ester  of  B-dleihyIpfeo$phonethylcyanacetlc  acid  with  b.p,  166-167* 

(2  mm)  was  obtained:  1.4430:  dj*  1.0740. 

0.1555  g  subsunce;  35.73  nJ  NaOH  (T  *  0.017841).  Found  P  11.35.  CuHmPs^*  Calculated  % 

P  11.17. 

At  the  same  time,  there  resulted  5.8  g  of  the  ethyl  essa  of  dl-(8-dlethyli*osphonethyl)-cyanacetlc  acid, 
with  b.p.  22r  (2  mm);  nJ  1.4540:  df  1.3830. 

0.1535,  0.1585  g  substance:  45.4,  45.74  ml  NaOH  (T  =  0.017841).  Found  P  14.61,  14.26. 

Calculated  %  P  14.07. 

Addition  of  Cyanacetlc  Ester  Homologs  to  Vlnylphosipft±n!c  Ester.  Addition  of  Methylcyanacetic  Ester. 

4.8  g  of  the  ethyl  ester  of  methylcyanacetic  acid  and  6.2  g  -if  vlnylphosphinlc  ester  were  taken  fa  reaction. 
Decomposition  was  iK)t  observed  during  fractional  disUllatica  of  the  reaction  products.  5.25  g  of  the  ethyl 
ester  of  6-diethylphosphonethylmethylcyanacetic  acid  resulted  (Table  2:1). 

0.1528,  0.1537  g  substance;  31.61,  32.18  ml  NaOH  (T  =  0.017841).  Found  %  P  10.22,  10.34. 

CulVxO^NP.  Calcidated  P  10.63. 

Addition  of  Ethylcyanacetic  Ester.  Reaction  was  carried  out  with  7  g  of  ethyl  cyanacetlc  ester  and  6  g 
of  vinylphosphinic  acid.  5.4  g  of  the  ethyl  ester  of  fl-dicthylpoosphonethylethylcyanacetic  acid  resulted  (Table  2: 

0.1512,  0.1504  g  substance:  3L36.  30.80  ml  NaOH  (T  =  0.017841).  Found  fll:  P  10.24,  10.18. 

Calculated ‘Jl:  P  10.15. 

Addition  of  Kopylcyanacetic  Ester.  5.6  g  of  propykryao^cetlr  ester  and  5.9  g  of  vinylphosphiidc  ester 
were  taken  for  reaction.  As  the  result  of  repeated  distillatioa  o?  the  reaction  mixture,  4.98  g  of  the  ethyl  ester 
of  ft-diethylphosphonethylpropylcyanacetic  acid  was  obulned  (Table  2:3). 

0.1521  g  ,  0.1490  g  substance:  30.00,  29.22  ml  NaOK(T  =  0.017841).  Found  P  9.74,  9.69. 

Calculated  V  P  9.70. 

Addition  of  Butylcyanacetlc  Ester.  The  reaction  was  carried  out  with  6  g  of  vinylphosphinic  ester  and  5.8  g 
of  butylcyanacetic  ester.  7.95  g  of  the  ethyl  ester  of  O-diethyiphosphonethylbutylcyanacetic  acid  resulted  (Table 
2:4). 

0.1508.  0.1504  g  substance:  28.54,  28.68  ml  NaOH  (T  =  0.017841).  Found^,:  P  9.35,  9.42. 

CisHf/JjPN.  Calculated  P  9.29. 

Action  of  Sodiimethylcyanacetlc  Ester  upon  tne  Ethyl  ^.er  of  B-firomethylphosphinlc  Acid.  5.7  gof 
ethylcyanacetic  ester  was  added  to  an  alcoholic  solution  of  scdnna  ethylate  prepared  from  0.93  g  of  sodium  and 
14  ml  of  ethyl  alcohol,  and  10  gof  the  ethyl  ester  of  5bromctiylphosphinic  acid  was  then  added  dropwise. 

Strong  heat  evolution  from  the  reaction  mixture  was  observed.  After  all  of  the  ethyl  ester  of  6-bromethyl- 
phosphinic  acid  had  been  added,  the  reaction  mixture  was  hea-ted  for  2  hours  on  a  water  bath.  The  precipiute 
of  sodium  bromide  was  filtered  off,  the  alcohol  distilled  off,  The  residue  was  redistilled  In  vacuo.  5.9  g  of 
the  ethyl  ester  of  B-dieithylphosphonethylethylcyanacetlc  ester  resulted,  with  b.p.  167*  (4  mm):  n!J  1  4440; 
d^  1.0852.  '  »  * 

^(htion  of  Acetoacetic  Ester  to  Vinylphosphinic  Ester.  A  saturated  solution  of  sodium  ethylate  in 
ethyl  alcohol  was  added  dropwise  to  a  reaction  mixture  consistiisg  of  8.9g  of  vinylphosphinic  ester  and  6.4  g 
of  we^cctic  ester.  Reaction  began  only  after  the  addition  of  a  considerable  volume  of  alcoholic  solution 
^  ^  observed  any  strong  evolution  of  heat.  After  1  hour  of  heating  on  a  water  bath, 

T  <“»“>*«'  VK«..  FtacO.«l  dlnuutlon  «comp.nl«l  b,  comU- 

erablc  decorrpositlon  of  the  reaction  mixture.  .*  fter  repeated  fractional  distil  lation,  2.23  g  of  ethyl  ester  of 
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;  4 
V  t 

0-<llethylphosphoncthylaceto*cetic  acid  withb.p.  170-n2*(4  mm)  resulted:  •«  1.4510.  i  y 

0.1512  g  tubsunce;  30.72  ml  NaOH  (T  »  0.01'i841).  Fbund  <3fc:  P  10.03.  ColW’/.  ■  * 

Calcubted  it:  P  10.53.  i  - 

Addition  of  Propyl acetoace tic  Ester  to  Vlnylphotphlnlc  bter.  Reaction  was  carried  out  between  8.9  g 
of  vlnylphosphinlc  este;  and  9.1g  of  propylacetoacetlc  ejter.  After  repeated  fractional  distillation  of  the  re¬ 
action  mixture,  3.1  g  of  the  ethyl  ester  of  8-dlethylphosphonethylpropylacetoacetic  acid,  with  b.p.  138-141* 

(2  mm)  resulted:  ’fl  1.4430. 

0.1510.  0.1504  g  subiunce:  30.35,  29.47  ml  NaOH  (T  »  0.017841).  Found  P  9.93,  9.68. 

Calculated  it:  P  9.61. 

Addition  of  Benzyl  Cyanide  to  Vlnylphosphinlc  Ester.  A  saturated  solution  of  sodium  ediylate  was  added 
dropwise  to  a  reaction  mixture  composed  of  6.8  g  of  vlnylphosphinlc  ester  and  4.9  g  of  benzyl  cyanide.  Reaction  > 

proceeded  very  vigorously.  The  reaction  mixture  which  was  colorless  at  the  start  of  the  reaction  became  lilac  In 
color  by  the  end  of  the  reaction,  and  also  became  very  viscous.  After  a  triple  fractionatio?.  accompanied  by  a 
small  aiixsunt  of  decomposition,  1.5  g  of  di'(0-diethylphosphonethyl)-benzylcyanide,  with  b.p.  247*248*  (2  mm) 
resulted:  1.4940.  ’ 

0.1510,  0.1514  g  subsunce:  41.10,  41.24  nU  NaOH(T  =  0.017841).  Found  V  P  13-45.  13.46. 

Cs»f^O«NP|.  Calculated  5b:  P  13.01. 

SUMMARY 

It  has  been  demonstrated  that  malonlc,  cyancetlc  and  acetoacetic  esters,  and  their  homologs,  as  well  as 
benzyl  cyanide,  add  easily  In  the  presence  of  sodium  ethylate  to  the  ethyl  ester  of  vinyl phosphinic  acid,  with 
the  formation,  respectively,  of  dlethylphosphoneihyl-malonlc,  cyanacetic  and  acetoacetic  esters,  and  their 
homologs,  and  di-(0-diethylphosphonethyl)-bcn2ylcyanide.  '  ' 

Received  JUne  29,  1951  V.l  Ulyanov  Unin  Kazan  State  Univenity 
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CARBOHYDRATE  DERIVATIVES  OF  AMINO  ACIDS 
a  CONDENSATION  OF  V.ONOACETONEANHYDROGLUCOSE  WITH  LEUCINE  AND  GLUTAMIC  ACID 

V.  I.  Kovalenko 

As  was  shown  in  the  preceding  article*  on  the  synthesis  of  carbohycrate-amino  acid  compounds,  the 
author  developed  a  method  for  condensing  barium  salts  of  amino  acids  with  achydroglucose.  Utilizing  this 

■-  . .  ■  method,  the  author  has  condensed  momacetoneanhydroglucose  wldi  d,l>leuclne,  and 

y,CH|  has  obtained  l,2-monoacetonequlnovosyl-6-d,l^*leocine  (1),  which  precipitates  in 
I  crystalline  form  from  a  hot  solution  after  renx)val  of  the  barium. 

H-C-Cr  CH,  r, 

I  It  was  of  Interest  to  synthesize  a  carbohydrne  derivative  of  glutamic  acid 

HO“i~H  which  is  Involved  In  the  formation  of  glutathione,  and  which  plays  an  essential  role 

9  1“  constmctlon  of  plant  proteins.  Some  Investigators  (Abderhalden  [1])  have  ex- 

j  j  pressed  an  opinion  that  glutamic  acid  bears  a  direct  relatlotuhip  to  the  synthesis  of 

- »  pyrrole  compounds  -  both  the  simple  [2]  and  the  more  complex  [3J. 

(^UNHCHCOOH  By  condensing  anhydroglucose  (ip  with  Ijglutamlc  acid,  taken  in  the  form  of 

double  sodium  and  barium  salt  (HI),  the  author  has  obtained  the  sodium  ult  of 
^  '  1.2-inorK)acetonequinovosyl-€-N-a-pyrrolidone“o^-carboxylic  acid  (V).  instead  of  the 
sodium  salt  of  l,2-monoacetonequlnovosyl-6>N^*glutamic  acid  (IV). 


■  i 
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This  Is  conditioned  by  the  fact  that  glutamic  acid  and  iu  derivatives  readily  form  the  lactam,  or  an 
internal  anhydride,  frequently  called  a-pyrrolidone  carboxylic  acid  (4J.  V.  Skola  (5)  established  that  In  2^ 
a'fueous  solution,  the  ratio  of  glutamic  to  pyrrol  id  ore  carboxylic  ;‘cid  is  equal  to  1:52.  The  high  temperature 
and  concentration  of  the  solution  displace  the  equillbi.cin  to  the  side  of  the  cyclic  state. 

Therefore,  it  can  be  considered  that  in  the  author’s  case,  an  equilibrium  occurs  between  forms  (IV) 
and  (V).  although  considering  the  fact  that  Isolation  of  substance  (IV)  is  connected  with  evaporation  of  the 
solution  at  a  tempcraoure  of  50-95*.  it  should  be  assumed  that  the  main  bulk  is  in  the  form  of  the  sodium 
salt  of  l,2-monoacctonequinovosyl-6-N-a*pyrrolidonecarboxylic  acid. 

After  cleavage  of  the  acetone  radical  from  substances  (P  and  (V),  quioovosyl-G-N-^leucine  (/I)  and 
quinovosyl-6-N-a-pyrrolidone-a'-carboxylic  acid  (VII)  resulted.  (See  diagram  on  next  page). 

Upon  hydrolysis,  compound  (VII),  which  is  affected  by  acetic  acid  converts  into  (VIII).  and  this  Is 
related  to  the  appearance  of  a  mobile  hydrogen  atom  at  the  nitrogen  atom,  with  increased  abOity  to  pro¬ 
duce  colored  products  m  acid  solution  when  in  contact  with  oxygen  of  the  air.  This  is  In  conformity  with 
the  data  given  in  the  article,  and  also  with  the  observation  of  M.  Wolfrom  (6).  Substances  (VI)  and  ^11) 
do  not  mutarotate  In  aqueous  solution.. 


•  J.  Gen.  Chem.  23.  So  (1953).  (Consalunts  Bureau  translation,  p.83). 
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EXPERIMENTAL 

1.  Reaction  of  Anhydro-yllucose  with  Leacine. 

a)  Synthesis  of  1.2*Monaaftcetonequlnovosyl*^-?v-<3.  Heucine  (Q,  1.8  g  (13.7  millimole f}of  racemic 

leacise  was  dissolved  by  heating  iin  83.5  ml  of  0.2  N  ba.rlum  hydroxide.  2.3  g  (11.3  millimoles)  of  anhydro* 
glsccse  was  added.  The  rest  of  ttte  procedure  was  as  ta  the  case  of  glycine  (see  Article  Q.  After  heating 
Sor  2  tours,  the  tarium  was  preciplitated  with  35.7  d  of  0.4  N  sulfuric  acid  and  the  hot  solution  was  filtered 
ibcccgh  a  funnel  constructed  for  holt  filtering.  The  sediment  on  the  filter  was  washed  twice  with  hot  water 
(Bir%  20*25  ml  portions)  and  the;  vwosh  waters  collected  separately.  After  cooling,  white,  needle  cr  ystals 
separated;  f  ilteted.  washed  with)  aabsolute  alcohol  azd  ether,  and  the  filtrate  tested  for  complete  oarium 
pcecipitation,  and  if  absent,  vapnnized  In  vacuo  togethex  with  the  wash  waters,  to  a  volume  of  20-25  mL 
After  cooling,  large  crystals  sepanmed  out  agalr>.  whach  were  separated,  washed  with  alcohol  and  ether,  and 

dried  In  vacuo  and  combined!  Nwith  the  main  bulk  of  crystals.  The  yield  was  2.45  g  (51.8^  of  theor¬ 
etical).  The  substance  melted  ar.!216-220*  (with  deax^oiition). 

[a]K-12.6*(c  =  1.011;  wattef).  0.1230  g  subscaace:  3.67  ml  0.1  N  HSO4.  0,1438  g  subsunce: 

4.09  ml  0.1  N  1^904.  Foumd  <5*:  N  4.18,  3.96.  CjjI^tOjN.  Calculated  N  4.20. 

The  synthesized  product  wms  readily  soluble  iz  water  and  acetic  acid,  and  with  heating  somewhat 
solshle  in  dilute  alcohol  (methyl;,  etthyl),  insoluble  in  acetone,  ether,  gasoline.  The  aqueous  solution  gave 
aa  acii  reaction  to  litmus  and  upomiheating  dissolved  barium  carbonate. 

in  a  similar  fashlon.as  witibiii*ccmlc  leucine,  ocodensatlon  of  anhydroglucose  with  1-leucine  was 
carried  out.  at  which  time  raonoacHironequinovosyl-o-IW -leucine  resulted. 

b)  Hydrolysis  of  1.2-Monomcgtonequlnovosyl-:-y4-leucine  (VI).  2.12  g  of  the  condensation  pro¬ 
duct  between  achydroglucose  and  jHlcucine  was  heated  in  a  hydrogen  atmosphere  for  3.5  hours  with  53  ml 
®f  50^  acetic  acid,  proceeding  thB.m  .as  In  the  case  of  glycine.  The  residue  In  the  flask  was  dissolved  by 
E^eaticg  in  50  ml  of  absolute  ethancdl,  horn  which  light-ccown  crystals  precipitated  out  upon  cooling.  Fil- 
Beced  and  washed  with  absolute  Isopiropyl  alcohol.  Yicjd  was  0.28  g  (Ib.e^k  of  theoretical).  The  substance 
cr-elted  at  208-210* (with  decomposition).  After  decotc.ization  of  the  filtrate  with  carbon,  followed  by 

St  room  temperature  ini3n  open  beaker  to  a  volume  of  5-6  ml.  there  resulted  another  0.5  g  of 
tie  product.  Quir!ovo$yl-6-N4;leucune  is  soluble  in  water,  dilute  methyl  and  ethyl  alcohols,  insoluble  in 
aisotite  isopropyl  atcohol,  acetone;,  'chloroform  and  pyridine. 

[a§  ♦  33.7*  (c  =  0.861;  watust). 

0.1322  g  subsunce:  4.36  mC  O.l  N  1%S04,  0.0*65  g  subsunce:  3.14  ml  0.1  N  l^SQi. 

Found  4,62,  4.59.  CjjJ^OjN.  Calculated^:  N4.7?)tt 

_ Pg^ction  between  AnhydlToglucose  and  Glutamic  Acid. 

a}_  Synthesis  of  the  Sodium  Skih  of  1.2-MotK>aceTccveQulnovosyl-6-N-a-pyrrolldone-tt*-carboxylic 

r  double  barium  and  souiiura  salt  of  glutamic  acid  was  prepared  by  dissolving  1.1  g  (6.5  milli- 
n^.es)of  sodium  gluumate  in  30  raLcnf  0.2  N-barium  hydroxide.  1.2  g  (6  raUllmoles)  of  anhydroglucose  was 
aojcd  to  the  resulting  solution.  The  ablution  was  heated  ander  reflux  for  one  hour,  an  equivalent  quantity 
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of  sulfuric  acM  (16.3  ml  of  0.4  N)  was  added  to  the  hot  solution,  filtered,  and  tested  for  cimnplete  precipitation  of 
barium.  The  filtrate  was  evaporated  in  vacuo  at  a  bath  temperature  of  50-60*,  and  the  residue  in  the  flask  then 
dried  for  several  minutes  at  96~100  .  The  contents  of  the  flask  were  then  dissolved  In  12  nsl>of  methaiKil  with  heat, 
and  the  reaction  product  precipitated  with  6  ml  of  dry  acetone.  The  precipitate  was  filretad  rapidly  and  washed 
with  dry  acetone.  1^  ''***  obtained  in  the  form  of  a  white,  very  hygroscopic  powdca:.  readily  soluble  in  water, ' 

aqueous  alcohol.  Insoluble  in  acetone,  ether,  benzene,  chloroform.  Yield  1.14  g,  or  45.a«5.of  theoretical. 

(aij^-6.5*  (c  s  3.43;  water). 

After  prlor.gcd  drying  in  a  desiccator,  the  substance  melted  at  160-163*. 

0.1696  g  subsunce:  4.88  ml  0.1  N  0.1594  g  substance;  4.60  ml  o.l  N  0.1210  g  subsurtce; 

0  239gNajSO4.  6.1346  g  subsunce:  0.268  g  NajSO^,  Found  ‘Jt:  N  4.02,  4.04.  Na  6.40..  Ct4l^|0,NNa.  Cal¬ 
culated ‘Jfc;  N3.96;'Na  6.51. 

b)  Hydrolysis  of  Sodium  1.2*Monoacetonequinovosyl-6*N-fl-pyrrolidone~a*'cafbo>yIlgte.  1,46  g  of  sodium  1,2- 
monoscetonequinovosvl-6-N-ii-pyrrolidone-a'-carboxylate  dissolved  in  25  ml  of  50^  acetic  acid  was  heated  3.5  hrs.  in 
a  hydrogen  atmosphere.  The  procedure  was  furtlier  carried  out  as  described  in  article  L  T5ie  residue  in  the  flask, 
which  consisted  of  the  amorphous  subsunce  and  sodium  aceute,  was  ground  well  with  5  mil  lof  dry  acetone  and  5  ml 
of  absolute  methanol,  filtered,  the  filtrate  evaporated  in  vacuo,  and  then  dissolved  with  genitle  heating  ic  4  ml  of 
absolute  methanol,  a;id  filtered  again  if  necessary,  and  the  solution  mixed  with  10  ml  of  ansolute  ether.  The  solu¬ 
tion  was  poured  off  from  the  resulting  viscous  oi!  and  the  oil  dried  over  sulfuric  acid  in  a  vacuumdessicator.  A  very 
hygroscopic  powder  results,  readily  soluble  in  water  and  alcohols  and  insoluble  in  other  sal7«nits.  The  aqueous  solu¬ 
tion  of  quinovosyl-6-N-a*pyrTolidonecarboxylic  acid  possessed  an  acid  reaction  toward  Irnmiis.  The  product  melted 
at  120*130*  and  did  not  give  a  color  with  aqueous  ninhydrin  solution.  Yield  was  0.8  g  (6€^<od  theoretical). 

[af^  ♦  26.5*  (c  =  1.284;  water). 

0.1368  g  substance:  4  58  ml  0.1  N  1^804.  0.1242  g  substance;  4.10  ml  0.1  N  H,SC1,.  N  4.68,  4.62. 

CuHi;0,N.  Calculated  Ifc:  N  4.82. 

SUMMARY 

As  the  result  of  condensation  between  anhydroglucose  and  leucine  and  with  glutamic  acid,  the  following  have 
been  obtained:  nwnoacetonequinovosyl-S-Meucine  and  the  sodium  salt  of  monoacetoncquiinDvo$yl-6*N-ct-pyrroli- 
done-a"-carboxylic  acid,  and  after  cleavage  of  acetone  there  has  been  separated:  quinovosyC-E-N  ^-leucine  and 
quinovosyl-6-N-ii-pyrrolidone-a’“Carboxylic  acid,  whicU  represents  carbohydrate  derivatives  3*T  amino  acids  with  a 
free  reducing  group  capable  of  entering  into  various  chemical  reactions. 
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CARBOHYDRATE  DERIVATIVES  OF  AMINO  ACIDS 
III.  CONDENSATION  OF  ANHYDROGLUCOSE  WITH  TYROSINE 
M.  Kh,  Gluzman  and  V.  A,  Kovalenko 


In  the  preceding  articles  the  authors  have  described  a  synthesis  for  aliphatic  quinovosylamino  acids,  de¬ 
rived  from  glycine,  leucine  and  glutamic  acid.  B  will  be  shown  in  the  present  work  that  when  anhydroglucose  is 
condensed  with  the  methyl  ester  of  tyrosine,  there  result  the  methyl  esters  of  monoacetonequinovosyl-6-N  I.- 
tyrosine  (I)  and  bis*(monoacetonequlnovcsyl-6*€')-’N'l^*tyTotine  (I^.  Condensation  with  the  barium  salt  of  tyrosine 
also  proceeds  readily:  from  the  barium  salt  of  monoacetonequinovosyl*€-N^*tyrosine  a  free  acid  (HD  was  separated: 


where  X  =  CH,(I);  H  (III). 

Ihree  functicnal groups  are  conuined  in  the  tyrosine  molecule  (COOH,  OH.  Nl^.  which  are  able  to  add  to 
the  ethylene  oxide  ring  of  anhydroglucose.  The  separation  of  the  barium  salt  of  monoacetonequinovosyl-6-N- 
tyrosine  as  the  principal  reactim.  f^oduct  indicated  that  the  carboxyl  group  does  not  panicipate  in  this  reaction. 

In  the  case  of  phenolic  hydroxyl  addition  to  the  ethylene  oxide  ring  of  anhydroglucose.  a  phenol  ester 
.  should  have  resulted..  However,  compounds  (Q.  (II)  and  (III)  gave  the  Mlllon  reaction,  indicating  the  presence  of 
free  phenolic  hyd*oxyl  in  tyrosine  (1). 

Theratio  of  quinovosyl  derivatives  of  tyrosine  and  its  methyl  ester  to  diazobenzenesulfoacid  may  serve  as 
indirect  confirmation  of  the  fact  that  compounds  ( I).  (IQ  and  (III),  as  obtained  by  the  authors,  possess  the  structures 
which  have  been  ascribed  to  them.  It  is  known  that  tyrosine  and  its  esters  will  couple  with  diazobenzenesulfoacid 
[2]  to  form  a  red  dye.  If,  however,  tyrosine  is  benzoylated,  then  its  ability  to  couple  disappears  [3].  The  autlidrsliavc 
observed  a  red  coloration  upon  combining  dlaaiobcnzeiiesulfoacid  in. soda  solutiot;  with  the  quinovosyl  derivative  of 
tyrosine  arxl  its  methyl  ester,  but  after.treating  substances  (I),  (II)  and  (III)  with  benzoyl  chloride,  they  no  longer  enter  _ 
into  azo  linkage  reaction.  It  is  obvious  that  if  condensation  between  anhydroglucose  and  tyrosine  (and  its  ester)  were  to 
be  accomplished  at  the  expense  of  the  phenolic  hydroxyl,  then^caijugatlon  with  diazobenzenesulfoacid  should  have  oc¬ 
curred  after  benzoylation  also,  since  alkylated  i^enols  enter  into  azo  conjugation  on  reactions. 

As  the  result  of  cleavage  of  the  acetone  group  from  compound  (HI),  qulnovosyl-6-N*l_^*tyroslne  resulted, 
readily  soluble  in  water,  differing  from  the  initial  tyrosine  wich  is  difficultly-soluble  in  water. 


EXPERIMENTAL 


a)  Synthesis  of  l,2-monoacetonequinovosyl-6-N-l-tyrosine(IlB;  58  ml  of  0.2  N  barium  hydroxide  was  added  to 
a  suspension  of  2.18  g  (12  millimoles)  of  tyrosine  in  300  ml  of  water  and  heated  to  complete  solution  of  tyrosine. 
2.24  g  (11  millimoles)  of  anhydroglucose  was  added  to  the  resulting  solution  and  heated  on  a  boiling  water  bath  with 
reflux  for  2  hours.  The  remainder  of  the  procedure  was  as  described  in  the  general  methods  (4).  After  evaporating 
the  filtrate,  the  residue  was  boiled  with  10  ml  of  water,  filtered,  washed  with  cold  water,  methyl  and  ethyl  alcohols. 
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-  27.7*  (c  *  0.267}  water). 

0.1418  g  tubsunce:  3.54  ml  0.1  N  l^SO^.  0.1029  g  *ub>unce:  2.61  ml  O.l  N  l^SO^.  Found  N  3.50,  3.55, 
CalcuUted^  N3.65 

The  substance  gave  positive  diazo  reaction  and  also  Millon  reaction,  and  reduced  Fehling's  solution  only 
after  artf  hydrolysis.  The  aqueous  solution  gave  an  acid  reaction  with  litmus. 

b)  Hydrolysis  of  1.2-monoacetoneqalaovosyl-6*N*lHyTostne  (111).  2  g  of  product  (II^  was  dissolved,  with 
heating,  in  120  ml  of  50^  acetic  acid  and  the  hydrolysis  was  carried  out  for  3  hours  according  to  the  general  pro¬ 
cedure.  After  evaporation  of  the  solvent  and  removal  of  the  acetic  acid,  the  residue  in  the  flask  was  then  boiled 
with  IS  ml  of  acetone,  ethyl  acetate.  10  ml  of  alcohol,  and  then  with  10  ml  of  methyl  alcohol.  Filtered, 
washed  with  alcohol,  ether  and  dried  in  a  vacsnim -desiccator.  The  resulting  quinovo$yl-6-N-^ -tyrosine  was  a  fine 
crystalline  powder,  slightly  yellow  In  color,  soluble  in  water,  acetic  acid,  pyridine.  Easily  reduced  Fehllng  solution 
upon  beating,  and  upon  beating  with  aqueous  ninhydrln  solution  gave  a  violet  coloration.  The  Millon  test  was  posi¬ 
tive.  M.P.  215-220*  (with  decorap.)  Yield  1.2  g  (67^  of  theoretical). 

feS  v40.1*(c»0.  366:  acetic  acid:  water  »  2:1). 

0.1476  g  substance:  4.23  ml  0.1  N  0.1089  g  substance:  3.10  ml  0.1  N  l^SO^.  Found  5^:  N  4.01: 

3.98.  Coi%]0,N.  Calculated  V  N4.07. 

c>  bolatlon  of  the  barium  salt  of  1.2-tconoacetonequlDovosyl-€-N-l  -tyrosine.  Barium  «lts  of  die  acetone 
derivatives  of  quinovosylamino  acids  are  formed  by  condensation  of  the  barium  salts  oi  amino  acids  with  anhydro- 
gluc^  and  do  not  usually  separate  out.  Their  separation  may  be  carried  out  in  die  following  manner:  0.7  g  of 
]^-Cyiosine  solution  in  lOO  ml  of  0.1  N  barium  hydroxide  and  0.75  g  of  anhydroglucose  are  heated  on  a  water  bath 
with  reflaa  for  2  hours.  A  strong  current  of  carbon  dioxide  is  then  passed  through  the  solution  for  10-15  minutes, 
the  bariom  carbonate  separated,  the  filtrate  tested  for  completeness  of  barium  pcecipitation  by  the  carbon  dioxide, 
then  evaporated  to  dryness  at  60-70*  in  vacuo.  The  barium  salt  remaining  in  the  flask  was  boiled  with  15  ml  of 
water.  Filtared  and  dried.  Tield  1.09  g  (625*  of  theoretical).  The  barium  salt  decomposes  at  215-220*  and  gives 
a  positive  diazo  leactfon.- 

•f  39.7*  (c  =  0.159:  water). 

0.1323  g  subsunce:  0.0343  g  BaS04.  0.1556  g  subsunce:  0.0403  g  BaSO^.  Found  flt:  Ba  15.26,  15.24. 
CwKsAa^Ba.  Calculated  V  Ba  15.22. 


d)  Synthesis  of  the  rnethyl  esterof  1.2-n)onoacetonequinovo; 


_ A  well-ground  mixture  of 

equImoleoiUr  quanUtics  of  anhydroglucose  (2  g)  and  the  methyl  ester  of  tyrosine  (1.95  g),  obulned  by  the  method 
of  E.  Fiscoer  (5),  was  heated  in  a  hard  glass  test  uibe  on  a  glycerol  bath  at  110-115*  for  10  minutes.  30  ml  of  water 
was  gradually  added  to  the  melt,  cooled  to  So*,  and  well  stirred  with  a  rod.  The  homoge  neous  solution  was  left 
24  hours  at  room  temperature,  and  die  solvent  was  eyttporated  on  a  water  bath  to  a  residual  volume  of  8-10  ml. 
After  coolmg.  crystals  separated,  were  filtered  off,  washed  with  cold  water,  alcohol,  acetone,  and  dried  in  a 
desiccaSR.  Yield  2.4  g  (61^  of  theoretical).  The  melting  point  of  the  methyl  ester  of  monoacetonequlnovosyl- 
6-N-l^-tyrcs:ne  was  232-234*.  It  was  Insoluble  la  actone,  benzene,  ether,  dichlorethane.  nitrobenzene,  pyrIdLne, 
acetic  acid  and  pyridine-water  mixture;  partially  soluble  In  hot  water,  soluble  in  formic  acid.  Gave  a  positive 
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mlnutei  At  100*.  The  mixture  formed  rapidly  a  yellow  melt,  which  wai  dissolved  In  15  ml  of  water  and  decolor* 
Ized  with  carbon.  The  water  was  evaporated  in  vacuo  at  50*00*,  the  residue  boiled  with  10  ml  of  dry  benzene,  and 
then  with  16  ml  of  dlchloiethane.  After  filtration,  the  product  was  dissolved  in  8  ml  of  absolute  ethanol  and  pre¬ 
cipitated  with  15  ml  of  dry  ether.  It  was  filtered,  washed  with  ether,  and  dried  in  a  vacuum’deslccator.  The  light 
yellow,  very  hygroscopic  substance  was  soluble  in  water  and  especially  In  aqueous  alcohols,  insoluble  In  the  usual 
dry  organic  solvents.  It  decomposed  at  100*110*.  Yield  was  1  g  (83^  of  theoretical). 

-5.2*  (o  *  1.922J  water). 

0.1866  g  substance:  2.90  ml  0.1  N  1^804.  0.2863  g  subsunce:  4.35  ml  0.1  N  HSO4.  Fbund  N  2.19, 
2.13.  CsiHuOuN.  Calculated^:  N2.33 

The  aqueous  solution  of  synthesized  methyl  ester  of  bls-(monoacetonequlnovosyl-6,6*)-N*l;tyrosinc  acquire 
a  red-brown  coloration  upon  heating  with  a  1^  aqueous  solution  of  ninhydrin.  The  Killon  and  diazo  reactions  were 
positive. 

All  synthesized  tyrosine  derivatives  in  soda  solutkngave  positive  diazo  reactions,  which  consisted  In  the 
appearance  of  a  red  color  ujxjn  combining  a  soda  solution  of  ihe  tyrosine  derivative  with  diazobeiuenesulfoacld 
solution.  However.  If  0.01*0.02  g  of  any  of  the  tyrosiiie  derivatives  obtained  by  the  authors  were  mixed  with  4*5 
ml  of  saturated  soda  solution,  3*4  drops  of  benzoyl  chlcride  added  and  allowed  to  stand  for  several  hours  until  the 
odor  of  the  latter  disappeared,  then  such  benzoylated  products  no  longer  gave  reaction  with  dlazobenzenesiUfoacld. 

SUMMARY 

1.  It  has  been  demonstrated  that  when  mcnoacetoneanydroglucose  is  condensed  with  the  barium  salt  of 
tyrosine,  addition  of  the  amino  acid  to  the  ethylene  oxide  ring  of  anhydroglucose  proceeds  at  the  expense  of  tfse 
amino  groups,  and  not  at  the  expense  of  the  carboxyl  and  hydroxy  groups. 

2.  The  ethyl  ester  of  bls-(monoacetonequlnovoiy?*6.6’)*N-l*tyroslne,  monoacetoneJxjifawosyl-S-lH-tyn)-  ' 
sine,  and  also  quiru>vosyl*6*N-^tyrosine  and  its  barium  and  acetone  derivatives  have  been  synthesized. 

LITERATURE  CITED 

[1]  V.  S.  Sadikov.  Course  In  Biological  Chemistry.  115  (1935). 

P)  K.  Inouye.  Z.  Phyt.  Chem..  83.  79  (1913). 

[3]  a  Pauly.  Z.  Phys.  Chem..  94,  286  (1915). 

[4]  Kh.  M.  Gluzman,  V.  L  Kovalenko.  J.  Gen.  Chem.,  23,  86  (1953).  • 

[5]  E.  Fischer.  W.  Schrauth.  Ann..  354.  34  (1907). 

Received  September  14,  1951  Kharkov  State  University 


V. 


V 


\\ 


*  See  Consultants  Bureau  English  translation,  page  83. 


;;i 


rii 


289 


% 


THIAZOLYL  DERIVATIVES  OF  ETHYLENE*  AND  TRIMETHYLENE-DIAMINE.  I. 


S.  G.  Fridman 


At  the  present  time  the  cause  of  a  variety  of  allergic  ailments  is  generally  accepted  as  being  due  lo  hista* 
mine.  Elucidation  of  the  role  of  histamine  has  served  to  stimulate  development  of  Intensive  research  work  ha  the 
field  of  synthesirof  compounds  possessing  antlhisumlnic  properties.  Within  the  past  few  years  a  large  number  of 
such  compounds  have  been  synthesized.  Fundamentally,  these  compounds  may  be  divided  into  two  groups,  namely: 

1)  Ethylenediamine  derivatives  of  the  type: 


^NCli|CHN(R***)|,  where  R'=CgH|,.C(HgCH^:  R”  ^CgH|i  or  the  hetero-cycUc  radical  (pyridyl,  pyramidyl, 
R” 

furfuryl,  imldazolyl  and  others):  R’"-CH>or  N(R""),  -  the  pyridine  radical,  pyrimidine,  and  so  forth. 
2)Ethanolamine  derivatives  of  the  type: 

^>COCHiCH^N(R-0t.  where  R’=c*H*:  R"  R-CH,CX:gH^l%.  cyclohexyl:  R-=  a  CIV 

or  N(R"")j  »  a  pyridine  group,  morpholine,  and  to  forth. 

Derivatives  of  asymmetrically-substituted  ethylenediamine  with  the  pyridine  ring  as  substituent  R**  are  coo* 
siderably  more  active  than  compounds  with  the  phenyl  radical  as  R":  Thus,  for  example,  pyriberizamine  (A)  b 
many  times  more  active  than  anthergane  (B): 


N-CH,Ci^N(CH,), 


0 


CgH|Cl%-N-CH^Ci%N(CHy), 


In  some  medicinal  preparation,  for  example,  in  sulfidine,  the  pyridine  radical  can  be  successfully  rejRaced 
by  the  diiazolc  radical,  while  at  the  same  time  less  toxic  compounds  result.  It  was  ^erefore  of  interest  to  the 

authors  to  synthesize  a  number  of  new  subsunces  analogous  to  those  of  kr»wn 
CHjC)Cjll4Cl^NCI^CHjN(CH|)|  antihistamlnlcs  of  the  ethylenediamine  series,  in  which  the  pyridine  radical 

I  would  be  replaced  by  the  thiazoU  radical. 


CHjOCgllgCH,  NCH,CH,N(CH,)l 

An  When  the  authors  surted  their  work,  there  were  no  compounds  de* 

scribed  In  the  literature  that  contained  the  ihiazole  ring  in  the  molecule  of 
(C)  an  asymmetrically-substituted  ethylenediamine.  Such  ethylenediamine  dcr* 

rivatlves  are  Jiow  known  [1,2). 

There  exists  indication  that  N.N-dimethyl-N’-(P-methoxybenzyl)-N*-(2-uiarolyl)-ethylenedl amine  (C)  poss¬ 
esses  powerful antihistaminlc  action. 

The  following  procedure  was  set  up  for  the  synthesis  of  thiazolyl  derivatives  of  ethylene-  and  trimethyleth-  • 
ylene-diamine  derivatives.  ^ 

1.  To  condense  the  primary  aryl  or  aralkylamincs  with  dlalkylaminoalkylbfoiiides  to  obtain  secondary 
dialkylaminoalkylaryl  (or  aralkyl)  amines  according  to  the  scheme: 

R‘Ni%  ♦  Br(Cl^)nNR-  -♦R‘NH(Ci%)n  NR“. 

where  R'  =  C,H,.  C,H,CH,:  R'^'CH,  or  N(R"),  =  plperidyl:.  n  «  2  or  a. 

2.  To  condense  with  2-bromthlazole  in  pyridine  according  to  the  scheme: 
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R’NH(CJVb^  ♦ 


empirical  formuU 


2Hd 


(picrate; 


Ci,Hi,l^Br-  HCl 


[Ci,1^01^-2Ha 


Upon  boiling  dialkylamincalkylarylamlnei  with  2-bromotiiiaxole  in  pyridine,  derivativei  of  ethyletie*  and 
trimethylenediamlne  are  formed  with  thlazole  radicals  as  substituena.  Small  yields  result.  In  synthesis  of  the 
analogous  pyridine  derivatives,  it  Is  possible  to  increase  the  yield  by  osing  an  excess  of  the  secondary  amine  (6], 
In  the  case  of  the  thiazole  derivatives  this  is  ineffective. 

Vpon  fractionally  distilling  the  reaction  mixture  In  vacuo,  tic  condensation  product  did  not  result  In  pure 
form;  the  author  therefore  purified  the  bases  by  means  of  the  perchlocates.  Thus,  the  following  preparations 
resulted: 

1.  N.N*Dlmethyl-N*-pI:enyl-N*"(2-thlazol>l)ethyenedlamlne  (VI^; 

C*H,1|^1^CH4N(CH,), 

I  I  (Vn) 

CH=CH 

K  u^v,.  ^’^jI^*"®^^y^'^’‘**“y*‘^’'<2'*^»z®^yl)-«*ylenediaminc(Vlll);3.  N.N-Dlmethyl-N’iP-methoxy- 
benzyl)-N  -(2-thlazolyl)-trlmethylenedUmlne  (IX):  (see  top  of  next  page) 


structure 

boiling  point 

peld 

C,H,NHCH,C1^N 

100-105*(6  mm; 

TO 

P-C,H50C,H*NHCl^Ct^NC,Hi, 

173-176’(3  mm; 

eo 

p-C,H<COOC,H4NHCi%Cl%N(CH,), 

181-185'  (4  mn; 

32 

p*BrC,H4NHCH,Cl^NC,Hi, 

180-18 1*(4  mm] 

32 

CjivcuNHCi^cl^Hci^)! . 

m.p.  44* 
115-117*(4  mm; 

30 

p<:H,OC»H4Ci^NHCl%Cl\CHiN(CH,), 

155-160*(4  mm; 

43 

melting  point  '  | 

dihycrochloride 

derate 

176-17r 

- 

174 

— 

hionohyd  rochlorid  e 
159-161 

131-138* 

Monohydrochloride 

208 

— 

205-207 

— 

188-189 

-• 

CW-C>%-W-C»%CF%N(CH,), 


Under  the  conditions  indicated  (boiling  is  pyridine),  KK-dimethyl*'N*’^carbethoxyphenyl)'ethylenedUmine  (III) 
and  N-(p-piperidlnoethyl)-p-bromoanillne  CIV)  do  not  condense  with  2-bromoihiazole. 

The  conclusion  might  be  drawn  theredore  that  the  mobility  of  the  hydrogen  atom  of  the  secondary  amiiK) 
group  bound  to  the  benzene  ring,  in  the  para  position  of  which  is  present  a  negative  wbstltuent,  decreases  sharply. 

Upon  interacting  the  hydrobromidcof  dimethylamlnoethylbromide  with  2-bcnzylamIno'4-raethylthUzole, 
there  resulted  accordingly.  N.N-dlmethyI-Nr-benzyl-2-(4-meihylthUzolyl)-ethylenedlamIne  (X),  in  conformity 
with  the  equation: 

. .  BrCH|Cl^NfCH,V*  H» 

C.H,CH|— NH  ♦ -  C,HyC}^-lf-CHCi%N(CH,),^2NaBr  ♦2NH^ 


2NaNi% 


CH=0-CH,  CH=C-CH, 

The  yield  was  negligible.  The  reaction  pEo-duct  was  identified  in  the  form  of  die  pechlorate  with  m.p.  144*. 

Upon  boiling  the  sodium  salt  of  2*p^mlnobenzeoe- 
sulfamidothiazole  widi  f  ’piperidinoi^opylchloride, 
preparation  (XI)  resulted  in  almost  quantitative  yield, 
according  to  the  equation: 

Nl%C,H4Sp,-N-Na  ♦  ClCI^Ci^Ci%NC,Hi,  -►Naa  ♦ 


TABLE 


Chlorine  (In 


Found 


MonohydrochloEil^^e 


♦  NHC*H4SC^-lhCl^Cl%Ci%NC*H„ 


Preparations  (VII).  (X),  and  (XI)  were  nested  pharmacologically.  It  was  found  dut  they  all  possessed 
antihistamirtic  action  to  a  greater  orlesscr  decree.  The  most  active  was  found  to  be  preparation  (X).  which 
seems  to  be  the  exact  analog  of  pyribenzanraue  (A).  However,  the  activity  of  (JQ  is  considerably  weaker 
than  that  of  pyribenzamine.  4 

EXPERIMENTAL 


Hydrobromide  of  dlmethylamlnoedn^romlde.  This  was  obtained  by  the  method  proposed  for  the  hydro*  ^ 
bromide  of  Sdiromoethylamine  [tj.  The  croide  product  was  obtained  from  142.4  gof  dimethylamlnoethanol  and 
700  ml  of  hydrobromlc  acid  of  specific  gra^iiry  1.42.  The  solid  residue  remaining  in  the  flask  after  distilling 
off  the  hydrobromlc  acid  was  thoroughly  greuad  with  350  ml  of  acetone,  filtered  off,  washed  with  a  small 
quantity  of  cooled  acetone  and  dried  with  eSier.  The  yield  was  297  g.  80^  of  theoretical;  m.p.  289*. 

Hydrochloride  of  B-ptperidlnoethyIc5ilorlde.  This  was  obtained  from  piperidinoethanol  and  thionyl 
chloride  in  chloroform  solution  [8]:  m.p.  225^1*. 

y *Plpe: idinopropylchlorlde.  Obtained  from  trimethylenechlorobromlde  and  piperidine  in  ether  solution  (9). 
DistUled  at  68-70*  and  4  mm. 

p-Methoxybenzylchloride.  Obtained  from  anisolc.  formalin  and  gaseous  hydrogen  chloride  in  the  presence . 
of  zinc  chloride  [10];  b.p.  105-110*  at  8  ram  (literature  dau  113-120*  at  16  ram). 


Nitrogen 

Found 

Calculated 

8,95.  8.S6 

8.72 

14.82.  14.97 

15.05 

9.00,  9.13 

8.80 

- _ 

- 

I 

/ 


2»Bromothlazole.  Obuli^  by  dlnltratlon  of  2-amlnoihUzolc  in  phoij^iorlc  acid  medium  in  the  pretence 
of  nitric  acid,  with  tubicquent  dccompodtion  of  the  diazo  solution,  according  to  Sandmeyer  [11).  Distilled  at  74*  | 
and  22  mm  (literature  data  .  b.p.  69*  at  16  mm  [IID. 

2-Benzylamlno"4-methylthlazole  (12).  Obtained  by  condensation  of  benzylthlourea  with  chloroacetone. 

A  mixture  of  6  g  of  benzylthlourea  and  2.5  ml  of  chloroacetone  (excess)  was  heated  on  a  water  bath  for  1  hour. 
The  reaction  product  was  then  dissolved  in  water,  and  excess  chloroacetone  extracted  with  ether.  The  aqueous 
solution  was  alkalized  with  10^  caustic  soda  solution,  and  the  precfeUated  2-benzylamlno-4-mcthylthlazole  was 
filtered  off.  washed  wiUi  water  and  recrystAlllzed  from  aqueous  methyl  alcohoL  M,p.  98*;  plcrate  m.p.  192-1 94*; 
which  corresponded  to  the  literature  data.  Yield  5,5  g:  90^  of  theoretical. 

The  same  product  was  obtained  by  condensation  of  2-amlno*4”roethylthlazole  with  benzyl  chloride. 

The  yield  amounted  to  15^  of  the  theoretical. 

II.  Synthesis  of  Secondary  Dialkylam inoalkylaryl-(aralkyl)-amines. 

N-g-Plperldlnethyl-p-phenetidlne  (IP.  A  mixture  of  27.4  g  of  p-phenetidlne,  18.4  g  of  the  hydrochlodde 
of  g*plpcridlnoethylchlorldc  and  27.6  g  of  anhydrous  potash  in  100  ml  of  toluene  was  boiled,  with  stirring,  for 
8  hours.  After  cooling,  water  was  added  to  dissolve  the  precipitate,  the  toluene  layer  was  separated,  and  the 
aqueous  layer  was  extracted  3  times  with  ether.  The  combined  extractions  were  dried  with  anhydrous  potash, 
and  after  distilling  off  the  solvents,  the  residue  was  distilled  in  vacuo  with  a  spiral  dephlegmator.  The  excess 
p*phenetidine  distilled  off  first,  and  then  the  secondary  amine  was  collected  at  173-175*  and  3  mm.  The  yield 
was  14.8  g.  60^  of  theoredcaL 

The  dihydrochloride  resulted  on  dissolving  the  amine  in  absolute  ether  and  adding  to  the  solution  the 
calculated  quantity  of  hydrogen  chloride  in  ether  solution.  The  white  precipitate  which  formed  was  recrystallized 
from  absolute  alcohol:  m.p.  174*. 

In  a  similar  fashion  preparations  (1),  (II^.  (IV)  and  (V)  were  obtali^.  N.N-Dimethyl-N’-phcnylcthylene- 
diamine  (I)  distilled  at  100-105*  at  6  mm.  which  coincides  with  the  data  of  Leonard  and  Solmssen  [4].  Huttrer 
and  co-workers  [13]  who  obuined  this  compound  for  the  first  time  indicated  a  b.p.  of  103-107*  at  0.2  mm. 

N-N-Dimethyl-N*-(p-methoxybenzyl)-trimethylenedlamine  (VI).  12.6  g  of  freshly-distilled  p-methoxy- 
benzylchloride  was  added  to  a  solution  of  y-diraethylaminopcopylamine  in  20  ml  of  pyridine.  After  15  hours 
boiling.  15  g  of  solid  caustic  soda  was  added  and  the  mixture  was  heated  for  another  30  minutes  on  a  water 
bath,  and  then  filtered.  Pyridine  was  distilled  out  of  the  filtrate,  and  the  residue  was  redistilled  in  vacuo.  The 
155-160*  at  4  mm  fraction  was  collected.  There  remained  in  tlic  distilling  flask  some  higher-boiling  liquid, 
whch  decomposed  upon  distillation.  Yield  was  9.5  g.  46<%  of  theoretical. 

The  dihydrochloride  was  obtained  as  with  the  preceding;  m.p.  188-189*. 

III.  Synthesis  of  2-Thiazolvl  Derivatives  of  Ethylene-  and  Trim ethyle nediamine. 

N; hH3imethyl-N*-phenyl-K-<2-thiazolyl)-ethylenedlamine  (Vll).  5.5  g  of  2-bromothiazole  was  added  to 
a  solution  of  5.5  g  of  N.N-dlmethyl-N'-phenylethylcnedlamlne  (I)  in  10  ml  of  pyridine,  and  the  mixture  was 
boiled  on  reflux  for  12  hours.  10  g  of  solid  caustic  soda  was  then  added  and  the  mixture  boiled  on  a  water  bath 
for  20  minutes.  The  solution  was  filtered  off  from  the  .rlid  residue,  and  after  dlsUlllng  off  the  pyridine,  the 
residue  was  redistilled  in  vacuo.  The  fraction  boiling  at  145-150*  at  5  mm  was  collected.  Yield  was  1.45  g. 

An  almost  colorless  liquid.  Gave  a  perchlorate  which  was  recrystallized  from  alcohol,  m.p.  199*.  • 

Found  %  N  8.89.  8.95.  CuH„N,S'  HCIO4.  Calculated  <3fc:  N  9.20. 

_N..N-Dlmethyl-N*-benzYl-N‘-(2-thlazolyn-ethylenediamine  (VIll).  Obtained  from  6.5  g  of  N.N-dimethyl- 
N’-benzylethylenedlamine  (V)  and  3.3  g  of  2-bromothla2ole  in  a  manner  similar  to  the  preceding.  The  fraction 
boUlng  at  183-185*  at  5  mm  vis  collected.  The  yield  was  2.1  g.  40<^  of  theoretical,  calculating  on  the  basis 
of  2-bromothlazole. 

As  has  already  been  mentioned,  this  compound  is  described  in  patent  [2].  where  the  melting  point  of 
the  picrate  is  given.  Since  the  authors  could  not  obtain  the  picrate  in  crystalline  form,  the  base  was  therefore 

i  entifled  in  the  form  of  the  perchlorate,  which,  after  recrystalllzation  from  alcohol,  represented  colorless 
needles  with  m.p.  139*. 


Found  N  11.50.  11.42.  Ci4Hj^,S.  HCIO4.  Calculated  N  11.61. 
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N,  ^H)lmethyl-^r-(p^methoxybenzyl)-(2•tfllt^oly^)«trlmethylenedtamlne  »x>.  Obtained  from  8.9  g  of 
H,N-dlmcthyl-N’*(p-inethoxybenzyl)-trlmethylencdlamlnc  (VI)  and  3.2  g  of  2-bromothUzole  tn  pyridine,  ilmllarly  • 
to  the  preceding.  After  dlitilllng  off  the  lolvent.  the  residue  was  redistilled  in  vacuo  at  3  mm.  ITie  resulting 
fractions:  I)  165-160* -5.1  g  (Initial  analysis);  n)  160-170* -0.5  g;  in)  170-195* -2.2  g.  The  third  fraction 
was  redistilled  In  vacuo  once  more,  and  the  portion  boiling  at  185*-190*  at  3  mm  was  collected. 

Unfortunately,  the  author  faUed  to  obuln  the  crysulUne  hydrochloride;  picrate  or  perchlorate. 

Analysis  of  the  distillation  product  gave  low  nitrogen  and  sulfur  content.  Likewise,  the  condensation  product 
from  N*<5*pipcridlru>cihyl)-p-phenctldine  and  2*bromothUzole  failed  to  separate  in  the  pure  form. 

N,  N-Pimethyl-N*-benzyl-N*-2‘<4fnethylthiazolyl)-etbylen3dUmlne.  (X).  A  mixture  of  9.6  g  of  2-bcnzyl- 
amino-4-mcthylthlazole  and  4.6  g  of  sodamide  in  75  ml  of  toluene  was  boiled  for  2  hours.  14  g  of  the  hydro- 
bromide  of  dlmethylamlnoethyibromlde  was  added  to  the  cooled  solution,  and  the  mixture  was  boiled  for 
another  12  hours.  After  cooling,  the  precipitate  was  filtered  off.  the  toluene  distilled  off.  and  the  residue  distilled 
in  vacuo  at  10  mm.  Everything  distilled  in  the  range  173-195*.  It  fafled  to  separate  Into  fractions,  the  distillate 
being  a  very  titick  viscous  mass.  Upon  treating  the  distillate  with  30<^  chloric  acid,  it  was  possible  to  separate 
the  perchlorate  in  the  form  of  large  prisms,  readily  soluble  in  hot  alcohol  and  water.  After  recrystallization  from 
alcohol,  the  perchlorate  had  a  m.p.  of  144*.  * 

Found  N  10.98,  10.91;  S  8.75,  8.91;  Cl  9.29,  9.36.  C)sH^iN|S-  HCIO4.  CalcuUted  <%:  N  11.18;  S  8.52; 

a  9.45. 

Upon  action  of  aqueous  sodium  carbonate  solution  on  the  perchlorate,  the  base  separated  out  In  the  form 
of  a  colorleu  oily  liquid.  It  was  extracted  with  ether,  the  ether  extract  dried  with  sodium  sulfate,  and  after 
distilling  off  the  ether,  the  oil  did  not  crysulUze.  The  oil  dissolved  In  absolute  ether,  and  to  the  solution  was 
added  the  calculated  quantity  of  hydrogen  chloride  in  ether.  The  resulting  precipitate  was  filtered  off  rapidly, 
washed  with  ether  and  dried  in  a  vacuum  desiccator.  The  resulting  dihydrochloride  was  very  hygroscopic. 

N-(2-Thlazolyl)-N-(Y-piperidlnopropyl)-p-amlnoben2enesulf»mide  (XD.  3.2  g  of  y-plperidinopropylchloride 
was  added  to  an  alcoholic  solution  of  5.55  g  of  the  sodium  salt  of  2-(p-amloobeozenesulfamlde)-thiazole  and  the 
mixture  heated  for  3  hours.  The  resulting  sodium  chloride  precipitate  was  filtered  off.  and  the  alcohol  was  distilled 
off  from  the  filtrate.  The  residue  was  recrystallized  from  alcohol:  m.p.  189*.  Yield  almost  quantlutlve. 

Found  <>:  N  14.86,  15.01;  S  16.86.  17.07.  CalcuUted^:  N  14.73;  S  16.84. 

The  base  gave  only  a  monohydrochloride:  m.p.  203-205*. 

Found  •},:  Chlorine  ion  8.61,  8.82.  CnH4ftN4%  •  HCl.  CalcuUted  Chloride  Ion  8.52. 

The  author  expresses  his  appreciation  to  Active  MemT>cr  of  the  Academy  of  Science  of  the 

Ukrainian  SSR.  Professor  A.  L  Klprianov,  for  his  valuable  advice  in  tbe  work. 

SUMMARY 


1.  Four  new  secondary  dialkylamlnoalkylarylamines  have  been  synthesized. 

2.  Asymmetrically-substituted  ethylene-  and  trlmethylene-dUmlnes,  containing  the  ihiazole  radical  as 
substituent,  have  been  described. 
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THIAZOLYL  DERIVATIVES  OP  ETHYLENE-  AND  TRIMETHYLENE-DIAMINE.  II, 

S.  0.  Frldin«n  -  . 


In  the  preceding  work  fl  J  2*thiezolylsubstltuxed  etiqflene-  end  trlmethylene-^lemine  were  described, 
obulned  etther  by  Introduction  of  the  thlizolc  ring  Into  dIalkylamlno*lkyUryl-(er*lkyl)-*ralne  by  reacting  it 
with  2-bromothUzole.  oc  by  substitution  of  the  hydrogen  atom  In  the  amlnlc  group  by  an  alkylamlnoalkyl  group. 


In  the  present  work,  synthesis  of  the  thiazole  derivatives  of  ethylene-  and  uln)ethylene*diamlne  has  been 
accomplished  In  another  manner,  namely:  the  dlalkylaminoalkyl<<aralkyl}-amlne  is  converted  Into  the  dihydro¬ 
chloride  (I),  which,  upon  treating  with  ammonium  rhodanlde  in  chlorobenzene,  is  converted  into  the  hydrogen 
rbodanlde  salt  of  asymmetric  N-aryl-N-fd'dlalkylaminoalkyHaraiky^hlourea  (D).  and  upon  action  of  the  alkali 
solution  on  the  salt,  the  free  base  (m)  is  separated,  according  to  the  scheme: 

R'NH-fClVnN?^-  R*“N-<CH^aNRi  ♦ Rwi^CH)„NRi 

Ha  HQ  HCNS  .<L 

(I)  •  (D)  (in> 

upon  Interacting  equlmolecular  quantities  of  the  asymmetric  N-aryl-N*(0-dialkylaminoalkyl)Hhiourea 
with  chloroacetone,  cyclizarlon  occurs,  as  the  result  of  which  asymmetrically-substituted  ethylene-  and  trlroetfaylene 
diamine  with  the  thiazole  ring  are  formed  in  good  yields  according  to  the  scheme: 


R’^Cl%)nNR-,  ♦aCi%COCi%- 
H^^NH 


-  R-N-fOVoNRi 
• 

S  ^N 
iH==C-CH^ 


The  necessary  secondary  dlalkylaminoalkyl-^or  aralkyl)  amines  used  at  the  intermediate  substances  for 
these  syntheses  were  obtained  by  condensation  of  axyl  or  aralkylaraines  with  dialkylaminoalkylbromide  (or  chloride) 
in  toluene  or  in  alcoholic  solution,  in  the  presence  of  anhydrous  potash,  as  described  in  the  preceding  work  £1^ 

Data  for  the  secondary  amines  obulned  are  given  in  Table  1. 


Among'thera  compound  (ID)  is  described  in  the  literature,  and  its  yield  it  Indicated  at  45^  of  Ae  theoretical 
[2];  the  author  has  obuined  this  compound  in  63^  yield.  N.N-Dimethyl-N’-bcnzyltrimethylenediamine  (VI)  was 
obtained  by  condensation  of  y-dimetiiylamlnopropylamine  with  benzyl  chloride  in  pyridine  in  a  manner  similar 
to  that  for  N,N'dImethyl-N’-(p-methoxybcnzyl)*triraethylenediaralne  described  in  the  preceding  work  p).  The 
dihydrochlorides  of  Ae  indicated  secondary  amines  resultedon'  treatment  of  a  solution  of  the  secondary  amine 
in  absolute  alcohol  with  the  calculated  quantity  of  hydrogen  chloride  in  ether. 

Asymmetric,  derivatives  of  N*aryl-N-[fl-dlalkvlamlnoalkyl-  (or  aralky)}-Aiourea  arc  given  in  Table  2. 

They  are  colorless  crysuls  with  melting  points  below  150*.  Poorly  soluble  in  water.  readUy  so  in  propyl, 
butyl  and  Isoamyl  alcohols.  Yields  of  the  recryitalliaed  compounds  vary  from  23  to  55'^ 

Asymmetrically-substituted  derivatives  of  ethylene- and  trlmeAylene-dUmlne,  conuiniug  the  thiazole 
ring,  and  resulting  from  cyclization  of  asymmetric  N-aryl-N-^-^llalkylamlnoalkyl)-thlouieas  with  chloroacetone, 
ate  given  in  Table  3l 

Preparations  (XV5.(XVII).(XVU1).(XXI1)  and  (XXUD  represent  almost  colorless  viscous  oUy  liquids 
wlA  b.p.  above  170*  at  3  mm.  After  a  certain  lengA  of  time,  they  become  yellow,  and  upon  standing  resinify. 

Preparations  (XV). (XIX),  (XX)  and  (XX^  are  crystalline  compounds  with  m.p.  below  100*.  All  preparations 
are  soluble  In  organic  solvents  and  do  not  dJ^  '“Ive  in  water.  Almost  all  of  them  give  well-formed  picrates, 
exceptions  are  those  compounds  which  conutn  the  benzyl  group.  The  dihydrochlorides  are  readily  soluble  in 
water.  Some  of  them  are  very  hygroscopic. . 
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Structure 


CfHsNHCl^CI^NCgHii 


n)  CfH^NHCt%ClVC(^NC|H|| . 


pCH^^NHC!V^i%N(Cl%)| 


(IV)  Uci^OC,H4NHCHCf%N(CIV* 


B.P.  Yield 


les-ier  76 
(4  mm) 


143*145*  80  B28-229 

(3  mm) 


120-123*  63  175-176 

(6  mm) 


131-133*  66  165-166 

(4  mm) 


133-135*  65  160-161 

(4  mm) 


Empirical  .  -  l_NitrogeH«5t) 
formula  I  found  !calc.  I  found 


160*  I 

(diplcrate)  I 


•  2Ha  9. 76  9.62  24.12  24. 

9.82 


CiiHx,)^*2Ha  17.53  17.61 
17.46 


CuHu^‘2HC1  10.65  10.48 


Nitrogen  (<^}  Sulfur  (<^) 


Found  I  Calc.  I  Found 


Empirical 

formula 


50  CuHixNjS  18.72  18.83  14.49  14.35 


(vm) 

C,H,^l%Ci%NC,Hu 

—  - -  .  i 

114-115 

45 

CunijN,S 

1  15.82 

1  15.68 

1 

B 

BiB 

12.16  . 

(K) 

1 

C4I  JjNCl^Cl^Ci^NCjHi, 

112 

40  i 

Q 

B 

11.55 

(X) 

CH,C*HjNCH,C  1%  N(CH^ 

S  NH 

130 

52 

.  ■  1 

CaH,.N,S  1 

1 

m 

13.50 

(XI) 

C  i^c  1%  l^C  H,), 

’  146 

50 

B 

12.92 

12:64 

(xn) 

137-138 

55 

CuHiOns 

1  i 

15.66 

15.63 

i  1 

t  ; 

!  15.72  i 

1  1 

11.98 

12.19 

11.98 

105 

38 

m 

13.52 

(XIV) 

102 

23 

i 

:' 

c„i^jf^s  i 

1  .  -  ^ 

'■■■  1 

! 

16.52  j 

16.61  : 

i  1 

1 - - 

1. 

1 

16.73  i 

i 

12.72 

12.95 

12.74*  ■  . 
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PtepArAtion  (XXQ  result««l  fiOiu  llw  cyclization  of  N-<P«thoxyphenyl}-lfx0-dimethyUnilnoethyl)-thloiire« 
(Xn)  with  bromoACCtophenone.  Thli  preparation  formi  only  the  monohydrocbJoride  and  monohydrobromide. 

Both  saltt  are  very  poorly  soluble  In  water.  Hence,  replacement  of  the  methyl  group  with  the  phenyl  radical  in 
position  4  cf  thUzote  greatly  decreases  the  solabUlty  of  these  preparations  in  water. 

The  compounds  listed  in  Table  3  were  tested  pharmacologically.  •  B  was  found  that  they  posMss  anti* 
hisuminic  action,  but  antihisuminic  activity  below  preparations  of  practical  use. 

EXPERIMENTAL  . 

L  Synthesis  of  Asymmetric  N-AryHaraUcyD-N-fBsilalkylaminoalkylHhioureat. 

As-N-phenyl»N^g  -dlmethylamlnoethyl)-rhlourea  (Vlli.  A  mixture  of  42.6  g  of  the  dihydrochloride  of 
N.N*dimethyl“N‘*phcnylethylepedlamine  and  27  g  of  ammonium  rhodanlde  in  100  ml  of  chlorobenzene  was 
heated  on  a  boiling  water  bath  with  mechanical  stirring  for  15  hours.  The  resulting  yellow  precipitate  was 
filtered  off,  washed  with  a  small  quantity  of  ice  water,  and  then  dissolved  in  hot  water.  The  solution  was 


It  Syntl^esis  of  Thiazolyl derivatives  of  Ethylene-  and  Trlmethylenedlamine. 


N,  N-Dimethyl-N’-phenyl-N*-2-(4-thiazolyl)-ethylenediamine  (XV).  5  ml  of  chloroacetone  (excess)  was 
added  to  4.6  g  of  as-N-phenyl-N>(0-<iimethylaminocthyl)-thlourea  (VI^.  After  several  minutes,  a  strong  evolution 
of  heat  was  observed,  and  the  reaction  mixture  liquified.  To  complete  reaction,  the  mixture  was  heated  an 
additional  hour  on  a  water  bath  at  80-90*,  was  then  dissolved  in  water,  and  the  excess  of  chloroacetone  was 
extracted  with  ether  two  times  with  5  ml  portions. 

The  aqueous  solution  was  alkalized  with  caustic  soda  solution  and  was  extracted  three  times  with  10  ml 
portions  of  ether.  The  ether  extract  was  dried  with  calcined  potash,  and  after  distilling  off  the  ether,  the 
remaining  oil  crystallized  after  a  certain  time.  The  c..  stals  were  dissolved  In  absolute  ether,  treated  with 
activated  carbon,  filtered,  and  after  evaporating  the  ether  off.  the  remaining  light-yellow  aystals  had  a  rn.p. 
of  61-62*.  Yield  was  5.1  g.  . 

hydrorhodanide  salt  is  used  for  condensation  with 


If  instead  of  the  thiourea  base,  lu  hydrochloride  or 
chloroacetone,  the  same  product  in  the  same  yield  results. 

The  pic  rate  was  recrystallized  from  alcohol.  M.p.  185*. 

Found 'Jb:  N  16.89,  17.07.  C,,HhOjN^.  Calculated^;  N  17.14. 

The  dihydrochloride  was  obtained  by  addition  of  the  calculated  quantity  of  hyd.mgen  chloride  In  ether 
solution  to  the  basic  solution  in  absolute  alcohol. 

Recrystallized  from  a  mixture  of  absolute  alcohol  and  ether.  M.p.  192*.  Readily  soluble  in  water. 

All  preparations  given  in  Table  3  were  obtained  similarly. 


TABLE. S 


Prep. 

No. 

Structure 

BoUlng  point 

Melting  point 

Yield  (^) 

M.p.  of  the  dipicrete 

(XV) 

C|H|t^H|CI%N(CH^ 

Jh— O-CH 

- 

61-62* 

» 

95 

185* 

(XVD 

C«H|NCH|CI^NC|Hu 

1 

180'183* 

(4  mm) 

- 

76 

179 

(XViD 

CcH|NCH^CI%CI%NC|Hi| 

Not  distilled 

*  - 

85 

185 

(xvni) 

1 

P-CH,C,H4NCI^CHN(CH,),  I 

CH=«=i-CH, 

170-173* 

(4  rrun) 

- 

84 

189 

(XIX) 

pCH,CX:,K4NCHiCHN(CH,), 

, 

- 

47-48 

91 

201 

(XX) 

p-C,H,OC,H,NCHCHiNCCI«,| 

(!:H=i>cn  i 

B8.S  I 

78 

192 

(with  decomp.) 

(xxo 

p -C,H|OC,HiNCI^CI^IXCI%),  i 

!  - 

69 

-  ■ 

Monohydrobromide 

213-215* 

(xxn) 

C*H|CI^NCH,CHiN(CH,), 

^H==t-CH, 

1 

) 

1 

1  171-174* 

i  (3  mm) 

i 

- 

82 

f 

1  Perchlorate 

•  m.p.  144* 

\ 

:H=t-CH, 


« 

! 


I 


(xxni) 


180-182' 
(3  mm) 


84 


I 


177' 


CuHi»N,S 


c»,h,A4N,s 

(dipicrate) 


hygros'^pic 


Cj|HjiOi4N,S 

(dipicrate) 


(dipicrate) 


hygroscopic 


(dipicrate) 


139-140* 
(with  decomp.) 


(dipicrate) 


Monohydrochloride 


CiiH„ON,S 


Identical  with  preparation  (X)  described  in  the  preceding  work  (1). 


hygroscopic 

16.71 

1 

16.85 

1 

4.24 

i 

4.28 

(dipicrate) 

16.66 

4.21 

• 

M.p.  of  the 

Empirical 

Nitrogen  (<3I») 

Sulfur  C^) 

1  A  O  la  &  O 

Chlorine  (^) 

dihydrochloride  | 

formula 

Found!  Calculated 

Found  J  Calculated 

Found  i  Calculated 

'  Those  preparations  which  did  ix)t  crystallize  after  distilling  off  the  ether  (XVI.  XVtt  XVm.,  XXIL  XXHQ 
were  redistilled  in  vacuo  and  identified  in  the  form  of  the  dipicratei. 

N,N-Dlmethyl-hr-ben7.yl>N*<2-(4inethylthiazolyl)-«thylened famine  (XXII)  wasobuined  from  the  as-N- 
benzyl>N’(0-dimethylaminoethyl)-thiourea  and  chldroacetone,  and  after  the  usual  treatment  was  redistilled  In 
vacuo  at  183-185*  at  3  mm.  The  yield  was  84^  of  theoretical.  A  light-yellow,  viscous,  oily  liquid  which  formed 
the  perchlorate  upon  treatment  with  a  30^  solution  of  chloric  acid.  After  recrystalUzation  from  alcohol,  the 
perchlorate  represented  colorless  needles  with  m.p.,  144*.  ThU  perchlorate  was  found  to  be  identical  with  the 
perchlorate  obtained  by  the  author  upon  treatment  with  chloric  acid  of  the  condensation  pcoduct  between  2-beiayl 
amine-4-methylthiazole  and  dimethylaminoethylbromide  in  the  presence  of  sodamlde  (1).  A  mixed  sample  of 
the  two  perchlorates  did  not  give  depression. 

The  author  duly  acknowledges  the  valuable  directions  on  the  work  by  Professor  A.  L  Kiprianov, 

Active  Member  of  the  Ukrainian  SSR  Academy  of  Science. 

SUMMARY 

1.  Eitiht  asymmetrical  N-aryl-(aralkyl)-N-<0-dialkylamlnoalkyl)‘thioureas  have  been  obtained  from  the 
condenution  of  secondary  dialkylaminoalkylaryl-  (or  aralkyl) amines  with  ammonium  ihodanide. 

2.  Eight  corresponding  asymmetrically-substituted  ethylene-  and  crimethylene-diamines.  with  the  thiazole 
ring  as  substituent,  have  been  isolated  from  condensation  of  ^e  resulting  asymmetric  thioureas  with  chloroacetone 
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THE  MECHANISM  OF  W^THYLATION  OF  < 'A MINOP YRIDINE  ACCORDING  TO  LEUCKART 
AND  THE  CONDENSATInDN  OF  DIMET  HYLAMINOPYRIDINE  WITH  FORMALDEHYDE 

A.  I.  Titov  and  A.  N.  Baryshnikova 


In  1^9  A.  E.  Chichibaibin  and  L  L  Knunyants  [1]  discovered  an  interesting  systbesis  of  tetramethyl* 
diamlnodlpyridylipethane.  Umating  a-aminopyridinc  with  a  mixture  of  formaldehrie  and  formic  acid 
solution: 


H,CO  ^ 
HCO^H  . 


N(CH,h 


The  authors  studied  thre  Actors  of  dilution  and  of  gradual  addition  of  a-amino?y7idine  in  the 
Chlchibabin-Kminyants'  reactj'^i  m  the  hope  of  obtaining  compounds  with  but  one  aminoj>yridin6  radical. 

The  authors’  assumption  was  fmund  to  be  true  —  from  the  reaction  picoduct  under  the  coc&ditions  given  dimethyl- 
aminepyridine  and  the  hitherto)  oinknown  2*diroethylaminopyridine-6'carblnol  were  isolated: 


(CH,),.N 


CHjOH 


Further  experimental  wmrk  allowed  the  assumption  that  the  Cbichibabln-Kmisyazrts  reaction  starts 
with  a  rapid  formation  of  condisnsatlon  products  between  formaldehyde  and  the  amino  sioup  of  a -amino- 
pyridine.  Among  them,  the  auntiors  have  succeeded  in  isolating  for  the  first  time  in  cryrtalline  form  methyl- 
di-(2-aminopyndine)  C|H4h^--M-rCH-NH-CtH4N.  The  remaining  products  of  this  reacnon  represent  compounds 
of  the  same  r>pe  C|H4N-N’H-<D*^OH.  CjH4N-N=Cf%  and  its  polymers,  since  upon  then  treatment  with  a  .mixture 
of  dilute  acids,  they  are  easily- .restored  to  aminopyridine. 

In  addition,  these  pnoiliucts  convert  into  methyl-  and  dimethykJyridine  under  oc  action  of  formic  acid 
and  the  formate  ion  An  optimium  acidity  for  the  reaction  exists  —it  does  not  pHOceed  ta  a  neutral  medium  or^ 
when  considerable  amounts  afl  mineral  acid  are  added. 

FurthcriTiore,  dimethyUuminopyr.’dtne  condenses  with  formaldehyde  to  form  drmethylaminopyridyl- 
carbinol  (I),  ainl  the  latter  w.'nfi  a  second  amine  molecule  to  tetramcthyldiaratnodipyT»dylmethane  (V).  For 
both  condensation  reactions  air.  optimum  acidity  was  observed.  From  several  indlcatx»r3  (high  pwlarity  of 
the  medium  and  of  the  reage*^ts,  catalys.’s  by  hydrogen  ion,  existence  of  an  acidity  o;eimum)  it  can  be 
concluded  that  all  of  the  traintformations  observed  are  of  a  complex  ion  character.  The  authors  therefore 
considered  that  the  followrpff  ffunda mental  co.nditions  for  a  complex  ion  process  are  realized  in  all  of  the 
transformations  as  formulated:  ucarlier  by  the  authors  [2]: 

1)  the  appiearance  of  omposite  charges  (+6  and  —6)  of  the  directly  interacting  atoms,  aixl  the  jiossibility 
for  their  increase  at  the  expemte  of  bond  jpolarizatlon; 

2)  unsaturated  coordinaition  (spherical  accessibility)  for  the  directly  reacting  atoms. 

Ln  con*^ormiry  with  this  postulate,  and  with  the  expieiimental  data,  the  mechanism  of  formation  of  methyl- 
and  of  dime^hyl-amlnopyridimr  appears  to  the  authors  to  be  as  follows.  At  first  rt>e  acainment  of  reaction  equili¬ 
brium  is  reached  rapidly  at  rtite  expense  of  interaction  of  the  amino  group  with  a  pto^oo  and  with  formaldehyde, 
with  resulting  formation  of  thir  methylol  bares.  aniL  dianil  [metLylene-di-(2-*miDcpyndine)land  methylenc- 
pytidylammonia.  which  do  noCTequlre  particular  explanations: 


♦  HCOf  H^;^  CjHiN-NhJ  ♦  HCOf  .  C*H4^^-NH,  +  J^C=05!rC|H4NNH-CH|0H  -^  CiKjN-N*^:^ 


C,H4?*-N=CI^  ♦  C,H4^+-Nl^:5::C,H4>^'NH-CJ^-Ntt^*H4N.  C,H4*^N=CI%  ♦  HCQJ 


:XC,H4NNH*CHf. 


According  to  our  concept  and  observations  concerning  the  evolution  of  CQ|  in  this  reaction,  the  formation 
of  nrethylaminopyridinc  should  of  course  be  accompanied  by  reduction  of  the  methylenepyridylammonla  cation 
by  the  formate  ion: 

♦s  ^ 

C,H.I*-1W*  CHi*  C,H4N-NH-CH|  ♦  . 


-6^- 


Similar  examples  of  the  analogous  action  of  formate  icn  arc  the  reductions  of  mercury,  silver,  and  firully 
triphenylcarbinol  cations.  The  mechanism  of  the  last  process  may  be  represented  by  the  scheme: 


(C,H,),COH  ♦  HCO^H 


(C«lis)<C 


••K 


*  COg. 


The  develoiHnent  of  a  concept  on  the  mechanism  is  pertinent  to  an  understanding  of  the  various  modi* 
ficatrons  of  the  Leuckart  reaction,  and  other  similarly-related  processes.  The  formation  of  dimethylaminopyridine 
will  be  presented  by  the  following  scheme: 

^  /:h,  ^  ch, 

C,H4V-NH-CH,  ♦  H^=0  — ►  CiHi^N  — >•  CtKi'i-N  ^  C,H4N-N^ 

\:i\OH  N:h,-o^ 

\h 


CjH^N- 


o 


CjHal^Nr  ♦  CO^  . 


In  contrast  to  the  usual  ionic  reaction,  the  reduction  of  methyleneammonium  cation  by  formate  ion  requires 
a  corresponding  orientation  and  activation  energy  for  the  ions. 

For  an  understanding  of  the  following  condensation,  it  is  important  to  mention  that  the  optimum  pK  value 
also  lies  In  the  range  of  solution  acidity  given  by  formic  acid-formate  mixtures.  This  circumstance,  together  with 
the  earlier-indicated  conditions  for  reaction  of  the  complex  ion,  leads  to  the  following  mechanism  of  formation 
of  dimethylaminopyridylcarbinol: 

[C,H4N(CHj),Hf  +  HCC^  CjH^NcCH,),  +  HCO,H;  1^C=0  ♦  [HC=0-H]* 


+6  -«♦ 

.6  ^  r^''^  *  ,  /V 

.1  ♦h,c=^-h-*  |\ch,oh  I  I 

(CHijif'N/  (CH,),i/\/ 


CF^OH 


♦  HCO^H 


The  authors  present  the  course  of  the  second  stage  of  the  condensation  in  the  following  manner: 


(CH5),N 


-CHjOH 


(CH,),N- 


H 


III  . 


N  ■  N 


NfCH,), 
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Dimethyliminopyr^lcar&iniol  (l).  along  wiifc  the  normal  cation  of  the  ammonium  type,  fctms  with  the 
hydrogen  Ion  an  oxoniura  cation  CH^  the  latter  by  spCbitting  out  water  convctti  into  the  anhydro  cation  (tii) 
Cation  (in)  (second  line)  leactt  wlta  free  dtmethylanninopyrldlne  (IV).  which  leads  to  the  forraatioa  of  tetxa- 
methyldiaminodlpyrldylroethane  (."^^.  the  splitting  off  of  a  proton  from  transition  complex  (not  shown  fai 
the  scheme)  occurs  as  in  the  ptecafiing  cofidensatiot®,  with  formate  anm  participating. 

In  conformity  with  the  un(h£:rsLandiQg  of  the  C3tichlbabIn*Knunyanis*  reaction  mechanism,  by 
use  of  added  potassium  fonnate.  tSe  authors  succeedeia  in  synthesizing  aettamethyldlaminodlryrliylme thane 
from  amlnopyrldine  in  a  very^  sihoit  time. 

EXPr»IMENTAL 

Synthesis  of  Methyiene-b'-s-^-amlnopyrldlne^.  a)  10  g  of  a -annino pyridine  was  dissolved  la  20  ml  of 
alcohol.  30  ml  Of  formaldehyde  was  added  to  the  soactlon  rapidly,  and  ten  40  ml  of  40<3fc  NaOR  Heat  was 
evolved.  After  cooling,  it  was  exnracted  with  ether  and  dried  with  pocaw.  Upon  slow  evaporation  of  the 
ether,  large  colorless.  pr,smatic  cr3«aU  separated..  w'JA  m.p.  120*.  7  g  of  pure  product  was  ieolavd. 

0.736  mg  substance:  1.803  ml  (23*.  745.®  mm).  Found  ^  N  27.80.  CuH|sN4.  Calcnbeed  V 

N27.92. 

The  solubility  of  the  produiri  in  wa%r,  evcir  w.*th  heating,  was  very  small;  for  its  recrystallcation.  it 
is  convenient  to  carry  out  same  frena  acetone.  Uperr  heating  with  diluae  mineral  acids,  hydrolysis  proceeded 
with  separation  of  formaldehyde. 

b)  10  g  of  a  -amin>pynd;ne  and  3.S  g  of  pacaLform  were  heated  in  an  open  flask  on  a  paraffin  bath 
for  30  minutes  at  120*.  ard  for  an  additional  30  mlmutes  at  150*.  The  Uoss  <n  weight  constituted  3.3  g.  Ifae 
residue  in  die  flask  crystallized  frenn  acetone,  abouc  4  g  of  crystalline  product  resulting,  which  %ras  identical 
with  that  described  above. 

Synthesis  of  Dimeti:y!-2-anminop>TxilTe  aM  P-niethyl-2-aininopnTid>l-5-carblnol  from  2-A3iiD0pyridiae. 
150  ml  of  20^  formalin.  t<.rb\d  beicause  of  polymer  enntent.  and  50  ml  of  formic  acid  srere  boiled  to 
transparency  and  tLtn  15  g  of  sod.  lum  formate  was  n^xroduced.  The  soCxiion  of  3  g  of  a ‘aminopyridine  in  10  ml 
of  formic  acid  was  boi-.ed  beforehard  for  2  hours  to  unake  the  formyl  derivative,  and  was  then  added  gradually. 
dropwi»e,  to  the  mixture  cser  a  period  of  3  hours,  wjm  reflux  boiling.  Afterthe  mixing,  boilii^  was  continoed  ' 
for  an  additional  3  hours.  Ther.m  'tmose  the  posa  IhiliTy  of  further  coadensation  reaction.  12  ml  of  coocea- 
traied  suUurlc  acid  was  added  to  me  reaction  mass  and  the  latter  distilled  on  an  oil  bath  until  thr  temperaiuie 
of  the  residue  Irt  the  flask  reached  IL20*.  Tnc  rcsld-ie  m  the  flask  was  alkalized,  and  the  bases  were  extracted 
with  ether.  The  extracT:OT  was  deed  witn  potash  anid  after  the  usual  pcelunlnary  operations  was  fractionally 
distilled  Ln  vacuo  (5  mm). 

The  foilowlrg  fract  ons  i)  67-7Q"  -1.65  g;  II)  140-lcJIf*-1.06  g;  III)  180-220* -S.36  g. 

The  first  fract  oT;  c:'’sis*etl;  nr'.rc.paily  of  d.nnethylaraiiKjpynd-re.  as  was  established  by  determination 
of  the  boiling  point,  and  by  conversion  into  the  picrate  and  Lnto  the  mtm>  compound:  they  did  no*  depress  the 
melting  point  when  heated  with  pr<adi,ct«  of  known  structure. 

The  second  fraction.  bo!L  :«  at  about  155\  partially  cr/itallized  upon  seeding  with  earlicr-obulned 
dimethylaminopyr.'dylca  b'-nol.  A.’^r  lectystallizarunn  from  petroleum  ether,  the  product  was  obtained  as 
large  crystals  with  m.p.  45*. 

1.829  mg  $ubs»ance:  0.304  ml  (27*.  732  mm).  Found  *«  38.31.  C|HuON|.  Calculated 

N  18.43. 

Small  Quantities  of  toe  ransjunl  ca'*  be  sepa-rated  a^'d  ideniif.ed  with  the  aid  of  the  aurase.  m.p. 
146-147*. 

2.346  mg  subs»arce:  0. 12.116  ml  Nj  (24*.  TS'i*  mm).  Found  V  C,Hi/)N|Cl4Au. 

Calculated  N  5.58. 

The  aurate  of  d'methyUmi  tic^yT.dine.  whichi  we  have  not  described  before,  melts  at  155-156*.  and  the 
tetramethyldiamLnodipy^jdylmethAnc  at  168-169*. 

The  chosen  stnxrtute  for  dumethylam’nopyriDylcarbinol  was  proved  by  converting  it  into  Qichibabin- 
Khunyanu’  tetrainethyld..a3iirKxlip^’Ti<jylinethane  (evycrunent  3)  by  reaction  with  dlmcthylarainopyridinc. 
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The  third  friction  also  crysullized  upon  »undlng.  After  recrystallization  from  petroleum  ether,  there 
resulted  a  little  of  the  pure  tetramethyldiaminodlpyridylmethane. 

Condensation  of  Dlmcthvlaminopyridvlcarblnol  with  Dlmethylamlnopyridine^  A  mixture  of  0,2  g  of  car* 
binol  0.5.  g  of  dlmethylamlnopyridine.  1  ml  of  80^  formic  acid  and  1  ml  of  water  was  heated  for  10  hours  at  100*, 
The  reaction  mass  was  evapoBted  on  a  water  bath,  and  after  alkalization,  was  redistilled  with  steam.  The  re* 
malnlng  oil  (0.'"  t)  after  seeding  with  tetramethyldlamlnodipyridylmethane,  crystallized.  The  melting  point  of 
the  resulting  product  was  74*76*,  and  upon  heating  a  mixed  sample  with  known  tetramethyldlamlnodlpyridyl* 
methane  an  increase  In  m.p.  to  78*  was  observed. 

Under  similar  conditions  a  condensation  product  of  carblnol  with  dlmethylaniline  was  obtained,  with  a  in.p 
of  80*.  Upon  using  hydrochloric  acid  instead  of  formic  acid,  condensation  did  not  proceed. 

Condenutlon  of  Dlmethylamlnopyridine  with  Formaldehyde. 

Synthesis  of  Dlmethylamlnopyrldylcarblnol,  A  mixture  of  3  g  cf  dlmethylamlnopyridine,  15  ml  of  20^ 
formaldehyde  solution.  8  ml  of  formic  acd  and  3  ml  of  concentrated  sulfuric  acid  was  boiled  for  19  hours  on  a 
reflux.  3.24  g  of  product  resulted  after  alkalization,  extraction  with  ether  and  distilling  off  the  solvent  from  the 
extract.  Redistillatlon  at  5  mm  pressure  gave  the  following  fractions:  1 155-156*“’1.23g;  I1220'^0**"1.22  g:  the 
residue  was  0.8  g. 

The  first  fraction  was  very  pure  dlmethylamlnopyrldylcaibiru)!.  the  second -*te traraethyldlamlnodlpyrldyl* 
methane. 

Synthesis  of  TetramethyldUminodlpyridylmethane  from  AmLnopyridlne  or  Dlmethylamlnopyridine.  A  ml 
ture  of  3  g  of  anlnopytidlne,  8  ml  of  90^  formic  acid.  15  ml  of  20^  formaldehyde  solution  and  6  g  of  potassium  fq: 
mate  was  boiled  for  4  hours  under  a  reflux  condenser.  The  excess  of  formic  acid  and  formalin  was  distilled  off  fr( 
the  reaction  mass  on  an  oil  bath  until  the  temperature  in  the  flask  reached  150*.  The  residue  in  the  flask  was  alka 
Ized  and  exuacied  win*  ether:,  the  extract  was  drjsd  with  potash.  3.6  g  of  the  product  resulted  from  the  ether 
extract  after  distillation,  upon  fractionation  of  this  product  at  6  mm  pressure,  the  following  distillates  resulted: 
1 200-240*  “2.6  g;  H  240-280*  -0.5  g. 

The  first  fraction  crystallized  completely  and  consisted  of  quite  pure  tetramethyldiamlnodlpyridylmethane 
the  composition  of  the  second  fraction  was  not  investigated.  If  4  ml  of  concentrated  sulfuric  acid  Is  added  before 
distilling  on  an  oil  bath,  small  amounts  of  dlmethylamlnopyridine  and  carblnol  will  be  found.  Without  adding  fori 
ate,  but  adding  sulfuric  acid,  before  the  beginning  of  the  reaction,  a  large  port’nn  of  aminopyridine  remaliu  witho 
change. 


With  dimethylaminopyridine, 
product  was  Increased. 


carryLng  the  reaction  out  under  basic  conditions,  the  yield  and  quality  of 


SUMMARY 

1. ’’  2-Dlraethy!aminopyildLne  and  2-dijnethylam?j*opytidyl“6-carblnol  have  been  synthesized  on  the  basis  ol 
reaction  between  2-ainlnopyr*d1*,c  and  fomaldehyde  in  the  presence  of  formic  acid.  A  procedure  ferthe  rapid  syn 
thesis  of  bis-(2-dlmeihylaminopyrldyl^)-me thane  (ictramethyldlaminodlpyrldylmethane)  according  to  the  same 
method  has  been  offered. 

2.  In  the  same  manner,  dime  thy  Lamlnopyr'dylcarbl’iol  and  tetramethyldiaminodipyrldylmethane  have 
been  synthesized  from  dLxethylaminopyridlne. 

3.  K  has  been  demonstrated  that  ac’dity  optima  are  evide.nt  for  speed  In  methylation  and  condensatlou  ol 
the  Investigated  reaction. 

4.  A  mechar.ism  of  meihylatior.  of  a  ammopyridlne  according  to  Leuckard,  and  of  the  condensation  of  dl* 
methyl-amlnopyridlre  with  formaldehyde  has  been  proposed  and  experimentally  subsuntiaied. 

5  Two  new  compounds  have  been  descr.bed:  2  dJmethylaminopyrulyl-5-carbinol  and  mcthylcned)ls"(2* 
aminopyridine). 
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INVESTIGATIONS  IN'THE  FIELD  OF  QUINONES 
II.  CHLORMETHOXYQUINONES 
I.  S.  Ioffe  and  A.  F.  Sukhlna 


Qulnone  derivatives  containing  chJorrnc  atoms  and  methoxyl  groups  have  received  but  little  study  up  to  the 
present  time.  Only  isolated  representatives  have  been  described.  Thus,  e.g.,  3'chloro-2,C-dimethoxyquinone  (D 
was  obtained  fl]  by  passing  chlorine  through  a  solution  of  2,6-dimethoxyquirx>ne  in  chloroform.  At  the  same  time 
3,5-dichloro-2.6~dimethoxyqulnone  (II)  is  also  formed.  .  •  ' 


IjL 


Cl 


& 


(D 


(10 


(IIO 


(IV) 


3.5-Dichloro-2.6-Jlmethoxyquinone  (II)  is  also  formed  [2]  by  treating  chloroanil  with  methyl  alcohol  in  the 
presence  of  caustic  potash:  howevec.  with  this  reaction  the  main  product  is  found  to  be  3,6'dichloro-2,S-diniethoxy* 
quinone  (ID).  The  latter  has  also  been  obtained  by  mcihylatloi  of  chloroanilic  acid  with  dimethylsulfate  [3J.  3.S.6* 
■irichloro-2-methoxyquinone  (IV)  has  been  described,  obtained  from  tetrachlorobenzene  (41 


The  simpler  quiiione  derivatives  which  contain  only  one  methoxyl  group  and  one  chlorine  atom,  in  partic* 
ular,  6-chloro-2*methoxyquinone  (V)  and  5-chloro-2-meihoxyquinone  (VI)  as  yet  have  not  been  described. 


The  synthesis  of  these  derivatives  could  be  approached  in  a  variety  of  ways,  namely:  methoxylation  of 
chloro quinone,  chlorinat'on  of  methoxyqumone.  and  other  means  of  synthesis  from  substances  already  containing 
chlorine  atoms  and  methoxyl  groups  in  definite  positions.  The  authors  synthesized  chlOromethoxyquinones  (V) 
and  (VI)  starting  with  the  isomeric  chlorovanillins.  and  utilizing  the  Dakin  reaction  [5],  which  consists  of  treating 
o- or  £-hydroxyaldehydes  with  hydrogen  peroxide  in  alkaline  solut.oo.  This  reaction  finally  leads  to  breaking  of 
the  bond  between  the  aromatic  ring  and  the  carbon  atom  of  the  aldehyde  groups,  which  splits  off  as  formic  ack) 
and  1$  replaced  by  the  hydroxyl  group.  Diatonic  phenol  which  is  produced  can.  by  oxidation,  be  converted  into  the 
corresponding  quinone  derivative. 

By  such  a  reaction,  2-methoxyquinone,  in  particular,  is  formed.  Here  the  initial  substance  is  vanillin  ^ 
(VII),  which  upon  treatment  with  hydrogen  peroxide  in  alkaline  solution  is  converted  into  2-methoxyhydroquinone 


OH 


(VII) 


(VUO 


Upon  examination  of  this  scheme  the  question  arises  as  to  why  the  bond  between  the  carbon  aton.s  of  the 
•  benzene  ring  and  the  aldehyde  group  is  so  easily  broken.  It  should  be  taken  (nto  account,  however,  thatthc  Dakin 


30/ 


reacilAii  jyocffds  lu  slkslise  Hicdium,  wud  thit  In  iuch  ca>6i  with  the  hyUroxy*i<l*hydo  enioii,  e.g,«  of  VAnilllii 
(*)  theie  is  displacement  of  electrons  with  replacement  of  the  negative  charge  of  the  oxygen  atom  of  the  caibonyl| 
group  (b),  with  the  appearance  of  the  quitvoid  Jtnrcture.  A  certain  confirmation  of  this  assumption  is  tite  fact  that 

an  alkaline  solution  of  vaiiillin.  and  of  other  hydroxyaldehydes  con- 
ulning  the  hydroxyl  groups  in  the  ^  or  position  to  the  carbonyl  group, 
'  are  colored  yellow. 

In  such  a  quinoid  state  a  double  bond  appears  between 
the  ring  carbon  atoms  and  the  carbonyl  group,  which  ruptures  under 
the  action  of  an  oxidizing  agent. 

The  isomeric  chlorovanilllns  (!X)  and  (X)  were  subjec¬ 
ted  to  the  Dakin  reaction.  3-Chloro-4-hydroxy-5-methoxybenzaldehyde 
(IX)  resulted  from  direct  chloriivuion  of  vanillin  in  chloroform  (6),  and  separated  in  the  form  of  colorless  needles 
with  m.p.  165*.  Upon  treating  this  compound  with  hydrogen  peroxide,  in  alkaline  solution,  the  authors  obtained 
6‘chloro-2‘tnethoxyhydioquinone  (XI),  from  which,  by  ox^dattco,  6-chloro-2-fflCthoxyquinone  (V)  resulted; 


The  authors  obtained  2-chloro  4-hydroxy-5“methoxybenzaldehyde  (X)  by  chlorination  of  acetyl  vanillin  [6], 
where,  because  of  the  hydroxyl  group  blocking,  the  chlorine  atom  entered  the  ring  under  the  orienting  influence  of 
the  methoxy  group  already  Ln  the  para  pasitfon  to  it.  After  saponification  of  the  acetoxy  group,  2-chloro-4-hydro- 
xy-5-methoxybenzaldehyde  resulted  in  the  form  of  colorless  crystals,  with  m.p.  168*.  Upon  treatment  of  this  com¬ 
pound  accoiiing  to  the  Dakin  reaction.  S-ch1oro-2  merhoxynydroquinone  (XII)  resulted,  from  which,  by  oxidatimi. 
the  authors  obtained  4-chloro-2-inethoxyqulPone  (VI). 

5-Chloro-2-riiethoxyquinone  is  somewhat  less  soluble  m  alcohol  and  In  acetic  acid  than  the  6-chloro- 
isomer.  Both  of  the  chloromethoxyqu‘no':e$  crystallize  in  the  form  cf  yellow  crystals,  distinct  in  their  form  and 
melting  point.  6-Chloro-2-raethoxyquinore  crystallizes  out  from  alcohol  in  the  form  of  thin  needle  crystals  with 
m.p.  169*;  5-chloro-2-methoxyquinone  crystallizes  out  in  the  form  of  plates  with  m.p.  na*. 

The  authors  also  attemp'ed  sy.tt.he^is  of  me  above  ■described  chloromethoxyquinone  by  methoxylating 
chloroquinone. 

Direct  introduction  of  the  methoxyl  group  /nto  the  qui^none  rir«g  was  accomplished  for  the  first  time  in  1901 
by  Biickel  [7].  Upon  hearing  berzoquL  ore  in  methyl  alcohol  .’n  the  presence  of  anhydrous  zinc  chloride,  he  ob¬ 
tained  the  dimethoxy  derivative  of  qujno’e.  which  was  identified  with  the  oxidation  product  of  l,4*<llamino*^.5- 
dimethoxybenzene.  a  was  proved  by  the  same  fact  that  borh  rnetiwxyl  groups  entered  into  the  p^xisition  to  one 
another,  with  formation  of  2,6-d»methoxyqui’\one  (Xill), 

The  latter  is  obtained  from  this  react^jon  ir.  a  yield  of  about  33^  with  regard  t;?  the  qulnone  introduced  into 
the  reaction.  However,  this  low  yield  conespornls  to  that  theoretically  calculated,  it  seems,  because  for  each  three 
quinone  molecules  introduced  mto  react  on,  only  ore  can  be  converted  to  the  2,5'-dimethoxyquinone,  the  two 
remaining  ones  serving  to  oxidize  the  primary  addition  product  formed,  of  possible  structure  (XIV),  tiaruforming 
at  the  same  time  into  hydroquinone. 


(xin)  (XIV) 
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The  mcthoxyQUtnone  precipiiiieJ  gradually  in  the  form  of  fine  yellow  needles.  After  completion  of  the 
oxidation,  the  mixture  with  methoxyquinone  precipitate  was  left  standing  for  2  hours  at  0*.  and  the  precipitate 
tien filtered  off,  washed  With  Iced  water  and  dncd  in  a  desiccator  over  calcium  chloride.  The  weight  of  dry  metl 
oxyquinone  was  3.4  g.  The  filtrate  was  treated  several  times  with  ether,  the  ether  distilled  off  on  a  water  bath, 
and  upon  separating  of  the  crystals,  the  residue  waspured  into  a  Petri  dish.  The  weight  of  dry  residue  was  0.5  g. 

The  total  weight  of  methoxyquinone  was  3.9  g,  l.e.,  71^  of  the  theoretical,  calculating  on  vanillin.  After  recry- 
sullizing  from  alcohol  -  light -yellow  needle  crystals,  with  m.p.  144*.  Readily  soluble  in  alcohol,  ether,  chloro¬ 
form,  glacial  acetic  acid  and  poorly  soluble  in  water. 

IL  6Chloro-2-methoxyqu<PO’->e.  *  3-CHoro4  hydroxy  b-methoxybenzaldehyde  resulted  from  the  direct 
chlorination  of  vanillin  in  chloroform  [6]  and  was  separated  in  the  form  of  colorless  crystals  with  m.p.  165  , 

6  g  of  3-chloro-4-hydroxy-5'methoxybenaaldchyde  was  dissolved  in  40  ml  of  4*^  caustic  soda.  To  the  dark 
yellow  colored  solution.  40  ml  of  5^  hydrogen  peroxide  solution  was  added  at  once.  The  solution  heated  up  to  40^ 
and  darkened.  The  dark  brown  solution  was  left  sta’xiing  for  30-40  minutes  at  room  temperature.  After  30  minute 
the  solution  was  acidif'ed  with  20^  sulfur'c  ac*d  solution’  (8  ml)  and  placed  in  a  cooling  mixture.  At  this  time  6* 
chloro*2-methoxyhydrc'qu<.ro'?e  prec’P-tated  In  the  form  of  white  needle  crystals,  with  m.p.  140*.  However,  for  thej 
additional  oxidation  it  is  not  necessary  to  separate  the  hydroquinone  derivative.  The  viscous  mixture  can  be  im¬ 
mediately  added  to  the  oxicj>z:.T>g  mixture  of  40  g  of  sodium  dichromate  in  70  ml  of  20*^  sulfuric  acid,  cooled  to 
-5*  for  2  hours.  The  temperature  at  this  point  should  be  strictly  maintained  as  with  the  derivative  of  methoxy- 
quinone. 

The  6-ch1oro-2'raethoxyquinore  was  prec'p-tateo  in  the  form  of  fine  light  ■orange  ciystals.  After  termina¬ 
tion  of  the  oxidation,  the  mixture  was  left  to  stand  for  1  2  houts  at  —5*,  the  precipitate  filtered  off  rapidly,  virashed] 
with  Iced  water  and  dried  with  calcium  chloride.  The  weight  of  dry  methoxychloroqulnone  was  4.28  g.  Lc.,  77^ 
of  the  theoretical. 

After  crystallization  from  alcohol  -  light-crange  crystals  in  the  form  of  long,  thin  needles  with  m.p.  158- 
159*;  readily  soluble  in  alcohol,  ether,  chloroform,  glacial  acetic  acid;  poorly  soluble  in  water. 

0.1573.  0.1422  g  substance;  0.1301,  0.1184  gAgCl.  Found  <5t:  Cl  20.48.  20.75.  C7H4O, Cl.  Calculated  <JI»; 

Cl  20.67.  0.1672,  0.1304  g  substance:  0.2273.  0.1779  g  AgL  Found  <5t;  OCH,  17.95,  18.01.  .•  ■ 

CeHjOjCl  (OCHJ.  Calculated  OCH.  17,97. 

in.  5<lhloro-2-me»hoxyquinone.  2-ChlorO'4-hydroxy-5-methoxybenzaldehyde  resulted  from  chlorination  of 
acetylvanillir..  followed  by  subsequent  saponification  of  the  acetoxy  group  [6].  5-Chloro-2 -methoxyquinone  resultedj 
from  oxidation  of  2-chloro4-hydroxy-6-methoxybenzaldehyde,  according  to  the  method  described  for  the  methoxy- 
quLnone,  with  'maintenance  of  the  same  conditio”:.  The  authors  obtained  3.3  g  of  5-chloro-2-methoxyquU»nc,  l.e.,| 
60‘35»of  the  theoretical  yie'd,  from  6  g  of  2-chlorO'4-hydro>y-5-methoxybenzaldehyde. 

After  ciystall’za^iop  from  aicoVoi  -  light  yellow  crystals  in  the  form  of  platelets  with  m.p.  172-173*.  Solu¬ 
ble  in  alcohol,  ether,  chloroform,  acetone,  benzene,  glac’ai  acetre  acid  to  a  lesser  degree  than  the  6-l$omer: 
poorly  soluble  m  water. 

0.1533.  0.1384  g  substance;  0.1272.  0.1144  g  AgCl.  found  Cl  20.56,  20.67.  CiHjOjCl.  Calculated  ‘jfc: 

Cl  20.57,  0.1355,  0.1520  g  substance:  0.1706.  0.2076  g  AgL  Found  (OCH,)  18.10,  18.03. 

CjH^O.Cl  (OC't  ).  Calcularpd  <70:  OCH,  17.97. 

SUMMARY 

The  synthesis  of  two  new  compounds,  6  cMoro-2-methoxyquinone  and  5-chlorO'2-methoxyquinonc,  by  trcatini 
the  isomeric  chloro  vaniilk*  hydrogen  peroxide  in  alkalu-e  solution,  followed  by  oxidation  of  the  resulting 

hydroquinore  derivatives,  has  been  described. 

6Chloro-2 -methoxyquinone  crystallize*  In  ♦he  form  of  thm,  yellow  needles,  with  m.p.  159*;  5-chloro-2- 
methoxyquinone  crystallizes  m  the  form  of  ora-ge  yellow  platelets,  with  m.p.  173*.  5-Chloro-2-meihoxyquinone 
is  soluble  in  organic  solvents  to  a  lesser  extent  tha”  the  6*isomet. 

It  has  been  shown  that  upon  methoxylat  ng  chloroqumone  with  methyl  alcohol  In  the  presence  of  zinc 
chloride,  there  occurs  'n  addit.on  to  the  direct  Introduction  of  the  methoxyl  group,  a  substitution  of  chlorine  by  a 
second  methoxyl  group,  with  the  formation  of  2.5  dlmeihoxyquinore  which  does  not  contain  chlorine;  therefore, 
duect  methoxylation  of  chloroquino'>e  cannot  be  used  for  the  synthesis  of  chloromcthoxyqulnonei. 
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INVESTIGATIONS  IN  THE  FIELD  OF  QUINONES 

III.  CHLORINATION  OF  METHOXYQUINONE 
I.  S.  Ioffe  and  A.  F.  Sukhina 


In  the  preceding  article  flX  derivation  of  &-chloro^-fliethoxyquinone  (1)  was  described,  as  well  as  5<hloto* 
2-methoxyquinone  (II),  starting  with  the  isomeric  chlorovanillins  and  unsuccessful  attempts  to  synthesize  chloro* 
methoxyquinones  by  the  methoxylation  of  chloroqulnone. 


a  9  ocH, 

tr  ■ 


rr 


.OCH, 


At  the  same  time  the  authors  studied  the  possibility  Of  syntie  sizing  these  compounds  by  chlorination  of 
methoxyquinone.  The  chlorination  of  quinones  may  be  accomplished  in  two  ways.  One  of  them, consists  Of  treat* 
ing  quinone  with  anhydrous  hydrogen  chloride,  followed  by  oxidation  of  the  addition  product  which  Is  tautomeric 
with  the  chlorohydroquiiwne,  to  form  the  corresponding  chloroqulnone^  Thus,  in  particular,  the  mortochloroquinone 
(2)  is  obtained  from  benzoquinone  according  to  the  scheme:  •  o  *  .  '  ' 

'  \  .  •  . 

fS  JJCL  ;■  'Cl  —  • 


By  the  same  procedure,  a  mixture  of  isomeric  chlorotoluquinones  [3]  was  obtained  from  toluquinone. 

However,  aiinvestigatlor.s  by  the  authors  have  shown,  this  method  was  found  to  be  useless  for  synthesis  of 
chloromethoxyquinones.  Upon  passing  hydrogen  chloride  through  a  solution  of  the  methoxyquinone  in  chloroform, 
a  dark  bluc'violet  precipiute  separated  which  conuined  no  chlorine,  and  after  crystallization  from  nitrobenzene, 
melted  at  238-240*.  The  same  subsunce  resulted  upon  addition  of  mineral  acid  to  an  acetate  solution  of  methoxy¬ 
quinone.  It  was  found  diat  this  substance  was  identical  with  tlie  already-described  compound  of  the  str.icture  (Ilia) 
or  (Illb).  obuined  by  oxidation  of  methoxyhycTroquirjone  under  specific  conditions  f4.5]: 


Vl- 

3  ■ 
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From  the  above-stated,  it  follows  that  methoxyquinone,  in  distinction  to  benzoquinone  and  toluquinone,  is 
dimerized  to  a  two-ringed  compound  under  the  influence  of  the  methoxyl  group  in  the  presence  of  mineral  acids, 
and  that  the  interaction  with  hydrogen  chloride  cannot,  therefore,  be  utilized  for  derivation  of  chloromethoxyhydro- 
quinone,  nor  chloromethoxyquinone  from  methoxy  quinone,  respectively. 

The  second  method  for  synthesis  of  monochloroquinones  is  based  upon  the  interaction  of  quinone  with  chlo^ 
ine.  From  the  addition  product  resulting  at  the  same  time  -  quinonedichloride  —  the  corresponding  monochloro- 
quinone  can  be  obtained  by  splitting  off  hydrogen  chloride.  However,  this  method,  as  our  experiments  have  Indic¬ 
ated.  is  not  applicable  to  all  cases,  and  the  possibility  of  its  utilization  depends  upon  the  properties  and  the  subUlty 
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wa  (^uinunedlizinioride.  The  simplest  Quinonedichioiide,  resulting  from  the  eddltipn  of  chlorine  to 

l)C33xo<iuinonei  is  very  stabile.  It  separates  out  in  the  form  of  colorless  crystals,  which  melt  sharply  at  145*  vithoet 
^decomposition.  Nor  does  t&e  colorless  melt  alter  when  heated  to  160*.  Only  above  170-180*  does  the  tjolnone* 
dichlorkie  slowly  decompooe  with  evolution  of  hydrogen  chloride,  but  at  this  temperature  the  tesultiiig  monochloio 
i^saoooe  also  breaks  dowir..  The  toluqulnonedichloride  is  somewhat  less  stable.  U  melts  sharply  at  136*,  but  the 
resulting  melt  at  a  temperxaure  slightly  higher  than  the  melting  point  decomposes  with  the  evolution  of  hydrogen 
boride,  and  with  formanmn  of  chrorotoluquinone.  'The  methoxyquinonedichlorlde  is  even  less  stable.  B  begins 
to  turn  yellow  above  lOO**,.  and  at  120*  melts  with  decomposition,  evolving  hydrogen  chloride,  with  the  formation 
of  an  orange  melt,  which,,  mpon  further  heating,  solidifies  and  again  melts  at  168-163* , 

The  above -indlcared  shows  that  the  introduction  of  a  methyl  group,  and  to  an  even  greater  extent  the 
s>ethDxyl  group,  lowers  the  stability  of  the  corresponding  quinonedichloridei.  -  It  might  be  assumed  that  the  <iuin* 
omedichlcrides  resulting  fromi  interaction  of  chlorine  with  quiiH>ne  derivatives  would  possess  even  lest  stability 
w'ben  codaining  several  misthyl  or  methoxyl  groups.  Indeed,  when  chlorine  is  patted  through  a  solution  of  2,8- 
Ametboxyquinone  or  2,S-dlimethylquL'H)ne  in  chloroform,  under  such  conditions,  when  quinone,  toluquinone  Of 
metboxyquinone  it  used,  the  corresponding  dichloridet  are  obtained.  3-chloro*2,6*dimethoxyquinone  [6]  and  8- 
cbu930-2.S^imethylquinone  [[7]  being  obtained  directly.  It  is  possible  under  such  conditions  that  the  reaction 
pmceeds  by  a  preliminary  ^addition  of  chlorine,  with  formation  of  the  corresponding  quirsonedichlorides.but  tht 
lanrr  are  so  unstable  under  tshe  Influence  of  2'methyl  or  2'metboxyl  groups  that  they  decompose  with  hydrogen 
ciSoadc  evolution,  even  an  low  temperature  conditions  of  formation. 

The  comparatively,  low  stability  of  methoxyquinonedichloride  was  utilized  by  the  authors  for  a  preparative 
syrixsls  of  chlotomethoxyqiuinones;  at  the  same  time,  however,  some  unexpected  results  occurred.  The  izsethoxy- 
qicsooedichloride.  itself,  re:sulted  [8]  with  comparative  ease,  on  pauing  chlorine  through  a  cooled  solution  of 
sDetboxyqrdnone  In  chlorofoznn.  Two  chlorine  atoms  at  the  ume  time  added  to  the  double  bond  of  that  part  of  tht 
Qsroce  ring  which  was  noc  (connected  with  the  methoxyl  group.  This  was  proved  by  the  fact  dut  upon  ostidlzing 
me::boxyqi.inoDedichloride,ditchloro>siccinic  acid  resulted. 
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Hevever.  In  the  synrftiesis  of  methoxyquinoredichloridc.  there  must  be  complete  absence  of  even  traces  of 
hydrogen  <±loride  in  the  chitnnne  which  is  passed  through,  which  should  be  carefully  checked,  since  the  former 
pmnwres  dimerization  of  the  aniixal  methoxyquinone  Into  the  above-indicated  compound  (III). 

t  was  found  that  hydtrogen  chloride  may  also  cause  side  reaction  during  the  thermal  decomposition  of 
EDcttexyquinonedlchlorlde;  therefore,  for  the  preparative  synthesis  of  chloromethoxyquinone.  the  authors  heated 
mericxyquinonedichlorlde  umder  those  conditions  which  promoted  rapid  elimination  of  hydrogen  chloride  from 
the  reactioa  mixture.  The  aunhors  placed  a  thin  layer  of  methoxyquinonedichloride  In  a  beaker,  which  was  then 
“  *  thermostat  heated!  to  125*.  The  product  melted  rapidly  and  solidified  again  in  the  form  of  a  ycUow- 
giecj  crust.  After  cooling  antd  powdering,  the  authors  obuined  a  yellow  powder  which  melted  at  150-160*. 

Decomposition  of  meniioxyquinonedichloride.  by  splitting  off  hydrogen  chloride,  may  lead  to  the  formation 
of  T»*o  isomeric  chloromethoxTyquinones: 
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Both  of  these  chloromethoxyqulnonei  were  obtained  by  the  authors  [1]  from  the  conespondlng  chlorovanil- 
llni,  6-Chloro-2-methoxyquinone  crystallized  out  in  the  form  of  thin  needles  with  m.p.  ISST,  and  5-chloro^-meft- 
oxyquinonc  -  in  the  form  of  platelets  with  m.p.  173*.  The  mixture  of  the  two  isomers  begins  to  melt  at  approx* 
imately  130*. 

The  product  obtained  by  the  authors  upon  the  thermal  decomposition  of  methoxyquinonedichluride,  melted 
sharply  after  crystallization  from  alcohol,  at  173*.  By  analysis,  by  the  properties,  and  by  the  mixing  tests,  it  was 
Identified  with  5-chloro-2*methoxyquinone  (II).  The  yield  of  this  compound  reached  70^  of  the  theoretical.  In 
the  mother  crystallization  liquors  the  authors  were  unable  to  find  the  second  isomer,  6-ehk>rO'^-methoxyquinone 
(I).  The  absence  of  the  latter  is  testified  to  by  the  fact  that  the  crude,  non-crystalllzed  product  of  thermal  decom¬ 
position  of  methoxyquinonedichlonde  melted  at  160*,  whereas  a  mixture  of  the  two  isomers  begins  to  melt  at  a 
considerably  lower  temperature.  The  above^stated  leads  to  the  conclusion  that  the  main  product  of  thermal  de¬ 
composition  of  mcthoxyquinonedichloride  is  5'chlorO'2-methoxyquinone. 

Methoxyquinoned [chloride  is  also  unstable  when  heated  in  a  number  of  solvents.  The  authors  were  con¬ 
vinced  of  this  fact  during  attempts  to  crystallize  the  compound.  Mcthoxyquinonedichloride  solutions  in  alcohol  in 
particular  became  yellow  on  heating  and  acquired  an  acid  reaction  as  the  result  of  hydrogen  chloride  evolution. 

The  authors  decided  to  use  this  observation  for  wha»  seemed  to  be  a  more  convenient  preparative  synthesis  of 
chloromethoxyquinone.  Indeed,  upon  iraroducing  methoxvquinonedichloride  into  a  boiling  aqueous  alcohol,  with 
subsequent  cooling  of  the  solution,  a  yellow-colored  crystalline  precipitate  separated  out  in  a  yield  of  about  60^  of 
theoretical.  However,  this  substance  was  found  not  to  be  5-chloro-2-methoxyquinone.  After  crystallization,  the 
resulting  substance  metled  at  159*.  and  was  Identified  with  6-chloro-2-methoxy-quinone  (1). 

Thus  experiments  have  shown  that  upon  decomposing  mcthoxyquinonedichloride  by  splitting  off  hydrogen 
chloride,  the  direction  of  the  reaction  and  the  structure  of  the  resulting  chloromethoxyquinone  depends  upon  the 
conditions  of  reaction.  With  thermal  decomposition  of  methoxyquinonedichloiide  in  tlie  absence  of  solvent,  the 
principal  reaction  product  is  found  to  be  5-ch!oro-2-methoxyquincne:  upon  heating  with  aqoeous  alcohol,  the 
principal  reaction  product  is  found  to  be  G-chlo.'O-2-methoxyquinone. 

Further  development  of  the  work  has  demonstrated  that  thereaction  direction  also  depends  upon  the  charac¬ 
ter  of  the  solvent.  Thus,  for  example,  upon  introducing  meihoxyquinonedichloride  into  acetic  acid  heated  to  boil¬ 
ing,  the  solution  immediately  becomes  yellow,  and  upon  cooling.  5-chloro-2-methoxyquir!one  separates,  which, 
after  crystallization,  melted  at  172*173*.  The  same  product  will  result  when  methoxyquinonedichlonde  is  intro¬ 
duced  into  boiling  anhydrous  acetone.  When  methoxyquinonedichloride  is  introduced  into  25^ 

acetic  acid  heated  to  boiling,  or  into  acetone  diluted  with  water,  6-chloro-2-methoxyquinooc  results,  m.p.  158-159*. 

These  experiments  indicate  that  when  methoxyquinonedichlonde  is  heated  in  the  absence  of  solvents,  or  in 
anhydrous  solvents,  hydrogen  chloride  cleavage  proceeds  in  one  specific  direction,  with  the  formation  of  5-chloro- 
2-methoxyquinone;  but  upon  heating  in  aqueous  solvents,  cleavage  of  hydrogen  chloride  proceeds  in  the  other  di¬ 
rection.  with  formation  of  6-chloro-2-methoxyquinone.  The  same  product  will  result  when  quinonedlchloride  is 
introduced  into  boiling  water.  Upon  heating  methoxyquincnedichlondc  in  aromatic  hydrocarbons,  hovever,  metn- 
oxyqumone  is  very  stable.  It  does  not  decompose  even  upon  one-hou:  boiling  in  xylene,  which  boils  above  the  de¬ 
composition  point  of  the  crystalline  methoxyquinonedichloride.  By  using  benzene  as  tne  sols'ent,  the  authors  were 
able  to  recrystalHze  methoxyquinonedichloride.  thus  obtaining  it  in  the  form  of  fine,  almos;  colorless  crystals, 
with  decomposition  point  120*.  However,  it  was  sufficient  to  add  to  the  benzene  only  a  few  dropsof  water  and 
the  decomposition  proceeded  rapidly,  with  formation  of  6-chloro  •2-methoxyquinone. 

SUMMARY 

Upon  passing  hydrogen  chloride  through  methoxyquinone  solution  in  organic  solvents,  a  dimerization  pro¬ 
duct  of  methoxyquinone  results  immediately,  precipitating  in  the  formof  a  dark  violet  solid,  melting  at  238-240 
after  recrystallization  from  nitrobenzene,  and  is  identical  with  that  product  described  in  the  literature  which  is  the 
oxidation  product  of  meihoxyhydroquinone.  Therefore  such  a  method  cannot  be  used  for  the  synthesis  of  chloro- 
methoxyhydroqulnone  and  respectively  the  chloromethoxyquinone  by  analogy  with  chlorohydroquinone. 

For  such  purpose  methoxyquinonedichlonde  can  be  used,  which  1$  obtained  by  passing  chlorine  through  a 
solution  of  methoxyquinone  In  chloroform.  In  distinction  to  benzoquinonedichloride  which  boils  sharply  at  146  , 
and  is  stable  to  heat  up  to  160*,  methoxyquinonedichloride  when  heated  to  1?0  decomposes  with  evolution  of 
hydrogen  chloride  and  with  conversion  to  5-chloio*2-methoxyquinone, 


Mstbcxyquii^oncdlchloriue  U  also  unstable  when  lieateJ  in  many  organic  loiventt.  Here  the  cleavage  of 
hydrogen  chloride,  depending  upon  the  character  of  the  solvent,  proceeds  in  two  directions  with  the  formation  o 
two  isomeric  chlotomethoxyquinones.  Upon  introducing  methoxyqulnonedichloridc  Into  anhydrous  acetic  acid  c 
acetone,  the  same  5-chloro-2-methoxyquinone  (m.p.  172-173*)  is  formed  as  that  formed  by  melting  crystals  of 
methoxyqiuoonedichloride:  however,  in  water,  and  also  in  aqueous  acetic  acid,  acetone  or  alcohol,  6'<hloro-2* 
roethoxyquirxme  is  formed  (m.p.  159*). 

Metboxyquinonedichloride  is  stable  upon  heating  in  benzene,  toluene  and  xylene,  and  can  be  recrystal- 
lized  from  these  solvents  without  decomposition. 
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THE  CATALYTIC  TRANSFORMATION  OF  THIOPHENOL,  D ITHIORESORCINOL. 
THIANTHRENE  AND  DIPHEN YLSULFIDE  OVER  ALUMINOSILICATE  CATALYST 


In  the  present  work,  data  are  given  for  the  synthesis  and  catalytic  transformlitlon  of  sulfur  compounds  of 
the  aromatic  scries,  having  as  their  composition  divalent  sulfur,  namely:  thiophenol,  dithloresorclnol.  thianthrcne 
and  diphenylsulfide.  Synthesis  of  the  aromatic  sulfur  compounds  was  carried  out  by  procedures  described  in  the 
literature.  In  some  procedures  shght  modifications  were  introduced.  To  obtain  comparative  results,  the  investi¬ 
gated  sulfur  compounds  were  passed  over  aluminosilicate  catalyst  under  standard  conditions  [1]  adopted  by  the 
authors. 

Thiophenol  was  taken  as  the  simplest  of  the  aromatic  thiols,  and  was  passed  over  aluminosilicate  cata¬ 
lyst  at  200",  300*  and  500*.  In  all  of  the  experiments,  benzene,  thunthrene  and  the  initial  thiophenol  were  iso¬ 
lated  from  the  cafe  Visate.  'The  waste  gases  contained  large  amounts  of  hydrogen  sulfide.  Judging  from  the  substances 
obtained,  thiophenol  on  coi^tact  with  catalyst  undergoes  transformation  in  two  directions: 


As  the  result  of  destructive  hydrogenation,  thiophenol  is  converted  into  benzene  and  hydrogen  sulfide:  de¬ 
hydrogenation  proceeds  in  a  simUar  manner,  leading  to  formation  of  two  thiophenol  molecules  from  the  thian- 
threne  molecule.  Reaction  (1)  should  be  considered  as  the  principal  course  of  the  reaction,  since  4  times  as  much 
benzene  is  formed  as  thianthrene. 

If  dithloresorclnol  were  to  react  similarly  to  thiophenol,  scheme  (2)  might  take  the  following  form: 


It  was  of  interest  to  clarify  whether  such  a  disulfhydryl  derivative  of  thianthrene  results  iroin  ditniorcsorcii 
ol.  The  experiment  with  dithioresorcirol  was  carried  out  a?  300*.  benzene  (23.8*^  of  cataljeate  weight)  was  separ 
ted  from  the  resulting  catalyzate,  thiophenol  (11..  9^)  and  th’anthrene  (25.3<^).  About  50<^  of  the  sulfi”  that  was  co 
tained  in  the  initial  dithiore sore  mol  was  evolved  in  the  form  of  hydrogen  sulfide.  The  remaining  sulfur  was  left  ii 
the  catalyzas  as  sulfur  compound.  Based  upon  these  experimental  data,  it  might  be  assumed  that  the  process  pro¬ 
ceeds  according  to  scheme  (4): 


At  the  result  of  destructive  hydrogenation,  d  it  Wore  sore  inol  it  converted  into  thiophenol.  The  letter,  accord^ 
ing  to  schemet(l  and  2)  converts  into  benzene  and  thianthrene.  Analysis  of  the  waste  gat  after  removal  of  hydrogen 
sulfide  from  It  indicated  the  possibility  of  a  hydrogenation  reaction.  The  gat  was  composed  (rhiefly  of  hydrogen 
and  nitrogen.  More  complex  comi>oundt  than  thianthrene  were  rwt  found  in  the  catalysate;  consequently,  the  re« 
action  does  not  proceed  according  to  scheme  (3). 

Since  thianthrene  was  obtained  from  both  thiophenol  and  from  dithioresorcinol,  it  might  be  supposed  that 
it  is  a  stable  compound.  To  verify  this  assumption,  thianthrene  was  passed  over  aluminosilicate  catalyst  at  400* , 
Upon  this  it  decomposed  with  evolution  of  hydrogen  sulfide,  but  the  decomposition  was  far  from  complete:  un¬ 
changed  thianthre.';e  constituted  about  Affijo  of  the  catalyzate  weight.  The  liquid  portion  of  the  catalyzate  contained 
benzene  (3G^of  the  ca'talyzate  weight)  and  traces  of  thiophenoL 

The  decomposition  of  thianthrene  can  be  shown  according  to  the  following  scheme: 
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The  fundamental  process  appears  to  be  the  destructive  hydrogenation  of  thianthrene,  leading  to  evolution  of 
sulfur  in  the  form  of  hydrogen  sulfide,  and  to  benzene  formation.  The  hydrogenation  of  thianthrene  to  thiophenol 
evidently  proceeds  only  to  a  small  extent;  but  since  the  process  is  reversible  (scheme  2),  and  the  resulting  thio¬ 
phenol  is  further  reduced  irreversibly  to  benzene  (scheme  1).  then  it  becoriEs  clear  why  only  traces  of  thiophenol 
are  present  in  the  catalyzate. 

For  a  study  of  the  catalytic  transfornation  of  aromatic  sulfides,  the  simple*  of  then  was  synthesized  -di- 
phenylsulflde,  which  was  passed  over  aluminosilicate  catalyst  at  300.  350,  450  and  500*.  From  the  catalyzates  ob¬ 
tained.  only  two  products  were  separated  in  all  of  the  cases  -  benzene  and  thianthrene.  The  yield  of  benzene 
increased  with  increase  in  temperature,  but  the  quantity  of  thianthrene  decreased  with  increase  in  temperature.  The 
reason  is  clear  from  the  pfeceding.  thianthrene  itself  converts  into  benzene  at  higher  temperature.  The  catalyzates 
contained  only  trace;  of  thioprenol.  Evolution  hydrogen  sulfide  was  observed  at  all  temperatures  investigated. 
Transform atiors  of  diplienyhalfide  upon  contact  with  aluminosilicate  may  be  expressed  by  scheme  (6). 
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result  of  a  destructive  hydrogena¬ 
tion.  dipbenylsulfide  decomposes,  forming  benzene  and 
thiophenol.  Thiophenol  then  irreversibly  converts  into 
bet'ze.''e,  according  to  the  preceding  (schemes  1,2,  and 
6),  and  reversibly  into  thianthrene.  Thianthrene  is  found 
to  be  the  most  stable  of  all  sulfur  compounds  studied,  but 
it  also  partially  converu  to  benzene  (scheme  5).  The 
^  '  presence  of  thianthrene  In  the  catalyzates  indicates  that 

Ij  !  its  rate  of  formation  is  higher  than  its  rate  of  decomposi¬ 

tion.  For  thiophenol  the  correlation  is  In  reverse:  the 
catalyzate  contains  only  traces  of  it.  As  can  be  seen 
from  scheme  (6),  the  principal  reaction  in  all  of  these 
transformations  is  found  to  be  destructive  hydrogena¬ 
tion,  and  all  of  the  processes  proceed  irreversibly  to  the  formation  of  aromatic  hydrocarbon,  with  evolution  of 
the  sulfur  in  the  form  of  hydrogen  sulfide. 

If  the  transforma  t'or^  observed  upon  contact  of  sulfur  compounds  of  the  aliphatic  series  with  alumlqosllicatc 
arc  compared  with  the  transformations  of  aromatic  sulfur  compounds,  differences  in  these  transformations  should  be 
note  .  Whereas  a  variety  of  reactions  [2]  is  observed  with  the  aliphatic  series  (simple  hydrogen  sulfide  evolution. 
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dispioportioMtion  of  hydrogen,  destructive  hydrogenetion),  the  main  and  most  characteristic  process  in  the  arome* 
tic  series  appears  to  be  destructive  hydrogenation,  and  the  dehydrogenation  reaction  plays  only  a  secondary'role. 
The  final  products  of  transformation  of  sulfur  compounds  are  also  different:  in  the  aliphatic  series  they  are  the 
alkenes^  and  in  the  aromatic  series  -  the  aromatic  hydrocarbons.  The  common  factor  appears  to  be  that  the  pro* 
cess  in  both  the  aliphatic  and  the  aromatic  series  proceeds  irreversibly  toward  the’formaiion  of  hydrocarbons,  and 
at  the  same  time  sulfur  is  evolved  in  the  form  of  hydrogen  sulfide. 


EXPERIMENTAL 

Sulfur  compcu'>di  were  passed  over  the  catalyst  u^er  the  following  conditions:  aluminosilicate  catalyst 
in  the  amount  of  30  g  was  placed  5n  a  reactior*  tube  which  was  heated  in  an  electric  furnace.  The  experiment 
was  carried  out  by  a  circulation  method,  passing  ther  sulfur  compounds  over  the  catalyst  in  a  weak  stream  of  nltrd* 
gen  (passage  rate  of  the  nitrogen  was  600-800  ml  per  hour).  The  volumetric  rate  of  flow  of  the  substance  was  0.25.  In 
all  cases  of  contact  between  the  sulfur  compounds  and  the  catalyst,  evolution  of  hydrogen  sulfide  was  observed. 

The  solid  portion  of  catalyzate  was  filtered  off  and  recrystallized  from  alcohol,  the  liquid  portion  washed  with 
water  until  the  hydrogen  sulfide  was  removed,  dried  and  fractionated  to  separate  ihdividual  compounds'  from  it. 
During  fractionation  there  always  resulted  lower  and  higher  fractions,  which  also  indicated  cracking  and  condensa- 
tion  reactions.  Regeneration  of  catalyst  was  carried  out  after  each  experiment  by  letting  in  a  stream  of  air  at  500*. 
up  to  the  point  of  whitening  of  the  catalyst,  the  air  being  removed  from  the  reaction  tube  by  nitrogen.  ‘  * 

Thlophenol.  Obtained  by  reduction  of  berzenesulfonyl  chloride  by  two  methods:  a)  using  zinc  ‘dust  as  tlie 
reducing  agent,  b)  using  tin  and  hydrochloric  acid  as  the  reducing  agent.  Benzenesulfonyl  chloride  was  obtained, 
from  benzene  and  chlorosulfonic  acid  [3]  in  70^  yield.  156  g  of  pure  thiophenol  was  obtained  from  320  g  of  ben* 
zenesulfbnyl  chloride  by  reduction  with  zinc  and  sulfuric  acid  [4].  The  yield  was  78.3^  of  the  theoretlcaL  B.p. 
was  68*  (22  mm);  n!*  1.5890:  d^*  1.0787.  The  method  of  reducing  benzenesulfonyl  chloride  by  the  use  of  tin  and 
hydrochloric  acid  takes  less  time,  is  easy  to  carry  out,  but  gives  a  lower  yield  of  thlophenol  and  is  economically 
inconvenient.  28  g  of  thiophenol  (5&5fc  of  the  therOretical  yield)  was  obtained  from  80  g  of  benzenesulfonyl  chlor* 
ide.  B.p  50.6-51.5*  (7  mm):  n“  1.5883,  df  1.0735. 

Literature  data;  b.p.  71*  (15  mm  (4]);  b.p.  77*  (30  mm);  ng**  1.5861;  dj’  *  1.0739  fC). 

The  resulting  thiophenol  was  passed  over  aluminosilicate  catalyst  under  standardized  conditions  at  200,300 
and  500*.  in  ail  cases  the  catalyst  obtained  was  a  mixture  of  liquid  and  solid  substances.  After  their  leparatton. 
the  liquid  portion  was  fractionated.  The  solid  substance  separated  from  the  higher  fractions  was  combined  with  the 
solid  substance  from  the  catalyzate,  the  crystals  were  pressed  out  ona  porous  plate  and  crystallized  from  alcohoL 
Toe  individual  compounds  resulting  from  the  catalyzate,  and  their  constants,  are  given  in  Table  L.  • 

I 

TABLE  1 

Catalysis  of  Thiophenol  at  200,  300  and  500* 


tempera-  thio-  ]  cataly-  I  substances 
ture  phenol  !  zate  ob*  I  separated 

taken  !  tained  i  from  cata- 


benzene 

thianthrene 

thioirfjenol 

benzene 

thianthrene 

thiophenol 

benaene 


'{  thianthrene 
j  I  thiophenol 
I /benzene 
js  thianthrene 
A thlophenol 


T  yield 
!  of  cata- 

I 

lyzate 

I  weight 

49.5 
11.1 

7.7 

42.2 

15.9 

6.6 

33.0 

12.7 

14.6 
30.4 
10.1 

17.7  . 


temperature 


boiling 

!  melting  j 

80,5-81*« ! 

1.5004 

-  ^ 

!  155*  •• 

— 

164-166  j 

i  - 

1.5862 

80-84  ; 

1  “ 

1.5020 

-  1 

i  155 

— 

165-166  1 

1 

1 

1.5860 

80-83 

- 

1.5018 

- 

154 

— 

165-166 

1.5880 

79-80 

- 

1.5002 

— 

151 

— 

164-166 

' 

1.5882 

_  s  I 

•  According  to  the  literature  data  [7]  b.p.  =  80.1*;  ng  1.5012. 
••  According  to  the  literature  data  (81;  mp  =  154-158*. 
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c§!!  bf  the  data  of  Table  I.  uic  princii>ai  substance  resulting  from  the  pauage  of  thiopheool 

over  the  catalyst  was  found  to  be  benzene.  Th-’anthrene  resulted  at  200*300  •  approximately  four  times  less  io 
amount  chaTi  benzene. 

1 

The  caalyzate  obtained  at  these  temperatuires  contained  a  small  quantity  of  thlophenol.  The  presence  of  a 
large  quantity  (14.6^  of  in'tial  thlophenol  in  the  catalyzate  obtained  at  500*  created  some  doubt  as  to  the  activity 
of  the  catalyst.  Ihe  catalyst  was  therefore  regetTeratcd  for  10  hours  at  500*.  As  can  be  seen  from  the  data  of  the 
Table,  the  repeated  .:xperimer.t,  carried  out  at  5>D0*,  confirmed  the  results  of  the  preceding  experiment. 

The  presence  of  a  large  amou'^t  of  Initial!  shiopherol  in  the  catalyzate  obtained  at  500*  may  be  explained 
by  the  fact  shat  at  th?i  temperature  all  of  the  thunphenol  Is  removed  from  the  catalytic  tube,  while  at  200  and  300* 
a  portion  o«  the  thic?her*ol  Is  retained.  The  flucttations  In  thlanthrene  yields,  however,  are  ex-  . 

plained  by  Btnavoldable  losses  during  its  crystallization. 

Ttc  total  thiarthrene  obulned  from  the  tjfaiophcnol  was  once  more  recrysulllzed  from  alcohol.  Its  melt- 
ing  point  (Ld  not  change  and  remained  equal  to  15*5*.  It  gave  a  characteristic  blue  coloration  with  concentrated 
sulfuric  acid.  A  deteimization  of  C.  H  and  S  by  oie  M.  O.  Korsun  [9]  method  gave  the  following  resulu; 

.  I 

6.84«  mg  substance;  16.700  mg  COi*  2.2JiU)  mg  HjO;  6.035  mg  SO4.  6.120  mg  substance;  14,949  mg  CO^; 

2.020  mg  H,0;  5.420  mg  SO^  Found  C  66.63,  66.57;  H  3.73.  3.69:  S  29.45,  29.56.  CnH,S,.  Calcu¬ 
lated  C  66.61:  H  3.73;  S  29.66.' 

DirJtjorcsorcirol  was  obtained  by  the  method  of  Bourgeois  [10],  This  method,  like  that  of  the  method  for 
thlophenol  synthesis,  corsisted  of  reducing  m -benzined isulfonylchloridc  with  zinc  dust  and  hydrochloric  acid.  The 
m  •benzeredosulfonylcblo.'ide  required  for  the  reaczjion  was  obtained  by  the  action  of  chlorosulfonlc  acid  on  ben¬ 
zene  at  hij^  ‘temperature. 

To  obtain  ro*benzenedi^lfonylchloride,  ic  was  produced  from  benzene  purified  from  thiophene  by  shaking 
with  concencated  sulfuric  acid.  Sulfonation  of  the  benzene  was  carried  out  in  a  round 'bottomed  flask,  equipped 
with  droppins  funnel,  reflux  condenser  and  mechart>jral  stirrer.  1960  g  (16.8  moles)  of  chlorosulfonlc  acid  was 
placed  in  ±e  flask  a-^d  195  g  (2.5  moles)  of  pure  benzene  added  dtopwise,  with  stirring,  at  room  temperature. 
Reaction  paoceeded  with  »he  evolution  of  heat.  The  reaction  mixture  was  then  heated  for  2  hours  on  an  oil  bath 
at  150-160*.  After  diat  the  mixture  was  cooled  to  naom  temperature  and  was  cautiously  poured  Into  a  container 
filled  with  loe.  with  stixrrg.  Strong  heat  evoluticit  was  observed  here,  and  provisloti  should  be  taken  that  there  is 
always  enou'g^  ice.  At  the  erd  of  the  addition  a  hrc-wn-colored  precipitate  formed  on  the  bottom  of  the  container. 
The  precipitate  was  filtered  off  and  dried  in  air.  TTnc  weight  of  crude  product  was  485  g  (70.8^  of  the  theoretical 
yield).  To  purify,  the  benzenedisulfonyl  chloride  twice  recrystallized  from  gasoline  freshly  distilled  (b.p.  85- 
150*).  200  g  ^0.73  rack)  of  mbenzenedisulfonyl  ch.cir:de  was  obtained,  which  amounted  to  29.2‘5t  of  theory. 
Light-colored  crystals  with  m.p.  61-61.5*. 

Literatare  data:  m.p.  63*  (llj. 

The  resulting  ip  hcnze'-edisulfonyl  chloride  was  reduced,  without  further  purification,  to  ih  lore  sore  inol.  For 
this  purpose  g  of  zinc  uust  a^d  200  ml  of  water '»« replaced  in  a  round -bottomed,  three-necked  flask  equipped 
with  reflux  co'-oenser  and  mechanical  stirrer.  The  on'xrurc  was  heated  to  50*  on  a  water  bath,  and  75  g  (0.27  mole) 
of  the  m-bcnae'edisulfonyl  chlonde  was  added  with  stiTrmg  through  the  third  neck  of  the  flask,  .20  g  more  of  zinc 
dust  was  then  a»dded  and  the  mixture  heated  on  a  warer  bath  for  10  minutes  at  70*. 

The  flask  contents  were  cooled  to  20*.  and  temperature  was  maintained  until  a  precipitate  formed  on 
the  bottom  of  cjie  flask  in  the  form  of  a  paste,  grayisu  'n  color.  A  dropping  funnel  was  placed  in  the  third  neck  of 
the  nask.  arvi  i  kiiogram  of  hydrochloric  acid  (>p  gr  1.18)  diluted  with  500  ml  of  water,  was  added  slowly, 
with  mixing.  The  reaction  was  violent,  and  the  flask  was  cooled  with  water. 

Another  25  g  of  z^-c  dust  was  added  and  stured  for  2  hours  at  20*.  A  caked  precipitate  formed  on  the 
bottom  of  the  fVask.  gray  n  color.  The  acid  layer  was  poured  off  from  the  precipitate,  the  precipitate  filtered 
o  ,  transferred  „rom  the  beaker  and  repeatedly  extracted  with  ether  until  the  ether  extract  gave  a  mercaptan 
reaction  (doc5o>.  test).  The  filtrate  resultuig  from  fil’ration  of  the  precipitate  was  extracted  three  times  with 
«t  er.  The  ethier  extracts  were  combined  and  dried  with  magnesium  sulfate.  After  distilling  off  tne  ether,  the 
■dithioresorciMi  was  twice  distilled  in  vacuo.  The  yieid  was  29.5  g  (77.7^  of  theoretical).  B.p.  128-128.5*  (16  mm); 
m.p.  26-26.5*.  /  \ 


Liteianue  data:  b.p.  132*  (20  mm);  m.p.  2T  |10). 


Catalytic  Transformation  of  Dlthloresorclnol.  29  g  of  dltblorcMtclnol  was  patted  over  frethJy*reaenerated 
alumlnotiilcate  catalytt  at  3C0  under  ttandardlzed  conditiont.  in  order  that  it  might  be  introduced  into  the  oven 
in  the  liquid  ttate,  the  dropping  funnel  wat  warmed  gently.  The  reaction  wat  accompanied  by  a-.copiout  evolution 
of  hydrogen  sulfide.  The  weight  of  resulting  catalyzate  (a  mixture  of  the  liquid  and  the  toUd  tubtuncet)  was  6.7  g. 
which  constituted  23.1^  of  the  weight  of  dlthloresorclnol  taken.  The  solid  portion  of  the  catalyzate  was  separated 
from  the  liquid.  The  liquid  catalyzate  was  washed  with  water  to  remove  hydrogen  sulfide  and  repeatedly  extracted 
with  20^  aqueous  solution  of  KOh  to  recover  mercapians  from  it.  After  removal  of  alkali  by  washing  with  water, 
and  drying  with  calcium  chloride,  benzene  was  isolated  from  the  caul^zate  in  the  amount  of  1.6  g  (23.81k  of  the 
catalyzate  weight),  with  a  b.p.  of  79-80*  (/54  mm);  1.5000;  dj*  0.8770. 

The  alkaline  extractions  containing  mercaptan  were  decomposed  with  hydrochloric  acid,  the  mercaptan 
extracted  with  ether,  the  ether  extracts  washed  to  remove  acid,  and  dried  with  magnesium  sulfate.  Alter  dis¬ 
tilling  off  the  ether,  thiophenol  resulted  (0.8  g),  11.91k  of  tl.e  cauVzate  weight.  B.p.  was  166-169*  (754  mm); 
ng  1.5870;  d?  L0716. 

Thianthreoe  in  the  amount  of  1.7  g  (25.31k  of  the  catalyzate  weight),  with  m.p.  155-156*,  was  separated 
from  the  solid  phase  of  the  catalyzate  by  pressing  out  on  a  porous  plate  and  crystallizing  from  alcohoL  A 
mixed  with  an  analyzed  sample  preparation  of  thianthrene  did  not  give  depressionL 

Hydrogen  sulfide  evolving  during  the  course  of  the  reaction  was  xitpped  by  plumbite.  The  weight  of  washed 
and  dried  FbS  precipitate  was  51  g,  which  corresponded  to  't.25  g  of  hydrogen  sulfide,  or  6.83  g  of  sulfur  (52.11k  of 
the  theoretically  possible).  The  sulfur  remaining  in  the  cataljeate  was  in  the  form  of  sulfur  compounds. 

An  analysis  of  the  outgoing  gases,  from  which  hydrogen  sulfide  was  removed,  gave;  CQ|  0.261k.  1.81k 

10.51k,  no  CO,  0.6<^  saturated,  no  unsahuxted.  the  remaining  -  nitrogen.  The  presence  of  hydrogen  and  of 
gaseous  hydrocarbons  in  the  gaves  indicated  a  cracking  reaction. 

Catalytic  Transformation  of  Thianthrene.  5  g  of  thianthrene  with  m,Pt  155-156*  was  passed  over  freshly- 
regenerated  alumLnosilicate  catalyst  at  400*.  For  this  purpose  the  thianthrene  was  placed  in  the  cold  portion  of  the 
catalyst  tube  which  projected  out  from  the  furnace.  Upon  gradually  pushing  the  tube  into  the  furnace,  the  thian- 
threne  melted  and  flowed  into  the  tube.  Evolution  of  hydrogen  sulfide  was  observed.  The  weight  of  resulting  cata- 
Vzate  (a  mixture  of  liquid  and  solid)  was  1.1  g  (221k  of  the  thianthrene  weight  taken).  0.7  g  of  benzene  with 
1.5090  was  separated  from  the  liquid  portion  of  the  catalyzate.  After  repeated  distillation,  the  benzene  weight  was 
0.4  g  (361k  of  the  catalyzae  weight),  n|j  1.5000:  m.p.  4*. 

After  distilling  off  the  benzene,  there  remained  In  the  flask  several  drops  of  high-hoiling  liquid  with  the 
characteristic  sharp  odor  of  thiophenol  and  a  crystalline  substance  which  was  pressed  out  and  combined  with  the 
solid  portion  of  catalyzate  The  solid  substance,  when  recrystallized  from  alcohol,  weighed  0.5  g  (45<9iof  the 
catalyzate  weight)  and  melted  at  155*.  This  was  the  initial,  unchanged  thianthrene. 

Dipheuylsulfide.  Th’s  was  obtained  by  the  action  of  sulfur  monochloride  on  benzene  in  the  presence  of  al¬ 
uminum  chloride  [12].  177  g  (2,3  mole)  of  benzene  purified  to  remove  thiophene  was  placed  in  a  round-bottomed 
flask  equipped  with  mechanical  stirrer,  dropping  funnel  and  a  reflux  condenser,  along  with  91  g  (0.69  mole)  of 
finely-ground  commercial  aluminum  chloride.  85  g  (0.6  mole)  of  sulfur  monochioride  in  81.5  g  (1.04  mole)  of 
benzene  was  added  to  the  reaction  mixture  with  stirring.  The  reaction  mixture  temperature  was  10-13*.  The  al¬ 
uminum  chloride  gradually  disappeared  and  a  dark-brown  complex  was  formed.  The  reaction  mixture  was  then 
stirred-  for  an  hour  without  cooling,  and  1.5  hours  at  3(M0*.  to  the  cessation  of  hydrogen  chloride  evolutloa.  The 
resulting  complex  was  decomposed  with  water  and  poured  slowly,  with  stirring,  into  a  container  with  ice  chips. 
Decomposition  proceeded  violently,  the  color  of  the  liquid  changing  from  black  to  light  yellow,  A  large  quantity 
of  sulfur  deposited  on  the  bottom  and  walls  of  tliC  container.  The  liquid  was  transferred  to  a  separatory  funnel  and 
the  upper  benzene  layer  was  separated  from  the  lower  aqueous  layer.  The  benzene  layer  was  filtered  off  and  the 
benzene  distilled  off.  The  remaining  oil  was  cooled  to  0*,  again  filtered  to  remove  sulfur,  and  dissolved  in  methyl 
alcohol.  The  resulting  solution  was  stured  for  3  hours  at  0*  and  filtered  off  from  the  sulfur.  After  distilling  off  the 
alcohol,  the  diphenylsulfide  was  redistilled  in  vacuo  at  147*  (7  mm).  To  obtain  a  colorless  preparatton.  the  result¬ 
ing  diphenylsulfide  was  twice  redistilled  i(j.jc#cuo.  Yield  was  86  g  (76.6^  of  theoretical),  R,p.  162.5  (18  mm), 
ng  1.6312;  dj*  1.1100. 

Literature  data:  b.p.  162-163*  (18  ram)(12];  d“**  1.1175  [13];  1.635  (14J. 

The  diphenylsulfide  obulned  was  passed  over  aluminosilicate  caulyst  under  standard  condiUons  at  300, 
350,  450  and  500*.  In  all  cases  evolution  of  hydrogen  sulfide  was  observed. 


The  liquid  portion  of  the  c*taly*ate  was  fractionated.  The  solid  portion  wu  pressed  out  on  a  porous  plate  and 
crystallized  from  alcohol. 

The  Individual  compounds  separated  from  the  catalyzate,  and  their  consunu,  arc  given  in  Table  2. 

TABLE  2 

Catalysis  of  Dlphenylsalflde  at  300,  350.  450  and  500* 


ature  ;  sulfide  obuined  (g) 

taken  (g) 

from  catalyzate 

tlty  1  of  cauly- 
■(g)  zatewt.__ 

boiling 

melting 

/benzene 

■  1 
, 0.7  !  8.0 

78-80* 

5-6* 

1.5030 

300*  :  11  S.7 

/  thianthrene 

1.2  !  13.7 

— 

153 

1 

^diphenylsulfide 

14.8  1  55.2 

150*155 

1.6364 

i 

t  1 

(12  mm) 

benzene 

-  1.6  ;  29.6 

79-80 

5.2*6 

1.5020 

350  11  5.4 

t  thianthrene 

0.8  j  14.8 

— 

152.6 

— 

(diphenylsulfide 

traces ;  — 

— 

1.6327 

/benzene 

1.8  35.3 

79-81 

— 

1.5018 

450  11  5.1 

(thianthrene 

0.75  14.7 

— 

154 

— 

'benzene 

U.O  64.5 

78-80 

— 

1.5012 

500  11  6.2 

\thianihrene 

1 0.7  11.3 

152 

— 

As  can  be  seen  from  the  data  of  Table  2.  the  same  substances,  namely,  benzene  and  thlanthrene,  result 
from  the  catalytic  transformation  of  diphenylsulfide  carried  out  over  a  wide  range  of  temperatures.  The  yield  of 
benzene  Increases  with  increased  temperature,  and  the  quantity  of  thianthrene  decreases  with  Increase  in  tempera* 
fiire.  The  Initial  diphenylsulfide  was  found  In  considerable  quantity  only  at  300*.  At  all  Indicated  temperatures, 
the  strong,  characteristic  odor  of  thiophenol  was  evident. 

SUMMARY 

1.  Sulfur  compounds  of  the  aromatic  series  undergo  the  following  transformations  upon  contact  with  al* 
uminosilicate  catalyst  at  SOO-bOO*: 

a)  thiophenol.  as  the  result  of  destructive  hyd’^ogenation,  converts  into  benzene  and  hydrogen  sulfide: 
the  process  does  not  go  to  completion. simultaneously,  but  to  a  lesser  degree,  the  dehydrogenation  reaction 
proceeds  with  formation  of  thur.thiene; 

b)  dithioresoicinol,  as  the  re*uU  of  destructive  hydrogenation,  converts  at  first  into  thiophenol,  wnich 
then  transforms  as  indicated  above; 

c)  ThianthteTe,  as  the  reiult  of  destructive  hydrogenation,  converts  partially  into  benzene  and- hydrogen 

sulfide; 

d)  d’phenybalfide  gives  at  first  berzere  and  thiophenol,  and  the  latter  then  transforms,  according  to 
point  “a”  above. 

2.  A  destructive  hydiogenation  reacfi>n  is  the  prip.cipal,  most  characteristic  reaction  when  sulfur  compounds 
come  in  contact  with  alumuiosU'cate  c  atalyst.  The  final  transformation  products  are  found  to  be  aromatic  hydro* 
carbons,  the  sulfur  evoWj^'g  as  hydrogen  sulf.de.  TViC  decompositior  process  of  sulfur  compounds  does  not  go  to 
completion  because  of  the  h.gh  stability  of  some  of  them  (thiophenol.  thianthrene). 
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INVESTIGATION  IN  THE  FIELD  OF  HETEROCYCLIC  COMFOUNDt 
I  SYNTHESIS  OF  (QUI1R>LYL-Q-ALKAN0LAMINES 


G.  A.  Melentleva  «nd  S,  I.  Kanevskaya* 


• 

Aryl'd-aminoalkanols  have  been  the  objects  of  icvestigatlon  for  many  yean;  the  fint  stimulus  to  such 
work  was  the  discovery  of  such  interesting  (In  the  pharmacological  sense)  catoxal  compounds  as  adrenalin 
ephedrine.  The  determinator  of  action  of  these  compounds  as  pressor  substances  is  conditioned  by  a  character  istic 
side  chain  structure  fl).  having  the  character:  R|CH(OH}(|h'Ni%  .  wbc»  =  an  aromatic  radical.  *  Hor  CH^ 

h 

A  great  significance  fox  the  development  of  this  work  within  the  past  few  yean  is  in  connection  with  a 
concept  expressed  by  Kaufman  [2]  hack  in  1913.  to  the  effect  that  quinine  m  its  structure  may  be  considered  to 
be  an  adrenalin'-^like  substance,  being  a  character 'Stic  form  of  substiteted  ic  ijjc  quinoline  series, 

namely  4-l«~hydroxy*-0-dialkylaLmlnoalkyl)  ’6-metboxyqdinollne.  Proceeding  torn  these  pcemlses.  Kaufman  pj 
synthesized  far  the  first  time  the  simplest  compound  of  th-s  type,  namely  •4^c*hydtoxy--0*dialJcylarainoethane)~ 
6-methoxyquinollne: 


jrmOIflCHf/  where  t  eal  R,  e  H  oc  CIV 


VO,  ; 

W  . 

It  is  of  interest  to  note  that  this  synthetic  substance,  constructed  on  die  order  of  naturAa-substitutedamiooalk- 
arols,posfis»  a  pressor  action  similar  to  them.  In  order  to  more  ctosely  appeorunate  the  structure  of  these  substituted 
0-aniinoethaDols  to  that  of  quinine,  Kaufman  and  his  co-workers  [3]  funber  synthesized  a  number  of  e-substltuted 
0-aminoethanols,  differing  only  In  the  nature  of  the  0-$ub5?itu»ed  radicals  on  the  nitrogen  side  chain.  Recently,  in 
connection  with  the  development  of  an  enormous  amount  of  Investigation  dnected  toward  the  search  for  new  anti- 
malarial  preparations,  the  aminoethanols  of  the  quinolirc  series  again  attracted  the  attention  of  many  chemists. 

From  this  viewpoint  the  works  of  Campbell  and  his  group  of  co-workers  [4,5j  deserves  mention.  A  majority  of 
these  investigations  Is  devoted  to  synthesis  of  a-substituted  fl-amlnoalkanoU  -.omatned  as  the  side  chain  inthe  4- 
or  8  position  ol  the  quinoline  ring.  The  exception  is  one  work  of  the  authors,  who,  on  the  assumption  that 
2'and  4-substituted  qainollnes  are  chemically  similar,  coniidcied  it  worthwhile,  »or  pharmacological  research,  to 
synthesize  a  derivative  containing  the  alkanolamine  s’dc  chain  in  the  2-pos’iiofl  of  the  quinoline  ting.  The 
direction  of  these  works  Is  e»  'dentl>  conditioned  first  of  all  by  the  fact  that  up  to  the  present  time  all  of  the  . 
known  antimalarial  prepara t ions  of  the  quinoline  series  ““bo -h  natural  and  synthetic  “are  found  to  be  4- or  8- 
subsiituted  quinolines.  Furthermore,  there  arc  absolutely  no  works  on  such  synthesis,  so  far  aa  the  authors  are 
aware,  of  those  substituted  aminoalkanols  ui  which  the  s'de  chain  is  prcsect  ui  acy  other  position  (apart  from  the 
8)  of  the  ben^ne  ring  of  the  quinoline  molecute.  Syrrhejis  of  such  a  ierres  of  compounds  undoubtedly  offers 
considerable  interest.  The  fact  that  the  above-indicated  a -(4  qu!nolyl)-0-amiry>cthanr»ls  of  Kaufman  (cited  above), 
clearly  possess  vasocon*tr?ctlve  action  can  be  coniide'cd  as  an  interesticg  case  which  conf'tms  the  position  exj^essed 
by  Barger  p)  to  the  effect  that  in  the  character  o!  this  side  chain  Is  to  be  found  one  of  the  decisive  factors 
determining  manlfei^tatlon  of  pressor  action.  Bat  there  arc  no  data  on  the  evreni  to  which  the  position  of  this 
side  chain  in  the  quinoline  ring  influences  the  physioiogcal  action,  inasmuch  as  no  compounds  of  such  type 
have  been  synthesized. 

The  present  work,  which  is  part  of  a  designed,  systematic  research,  has  for  its  purpose  the  filling  of 
this  gap,  and  is  devoted  to  the  synthesis  of  related  new  derivatives  of  the  quinoline  series,  iiamely:  (S-^juinolyl)- 


Deceased. 


B-aminoethanol  and  (6-<iuinolyl)-0  amloopropano>.  of  the  general  formula:  1  yrhere  R  *  the 

R|  ” 

quinoline  ring,  R,  -  H  or  CH,,  CH(OH)tHNl^  =  side  chain  in  position  6. 

As  the  startl'^g  substance,  the  authors  have  taken  6-quinoJylaldehyde,  which  has  become  a  relatively 
accesable  substance  because  of  the  work  of  M.  A.  Berkengeim  and  V.  M,  Rodionov  [6J.  By  cendensing  it  with 
the  corresponding  nrtroalkanpls  m  the  presence  of  organic  bases  [7J,  the  authors  planned  to  obtain  the  substituted 
nitroalkanols,  and  by  reductio*s  (selective  reduction  of  the  nitro  group)  “the  corresponding  B-orolnoalkanols. 

The  authors  carried  out  condensation  of  B-quinoly'aldehyde  with  nitromethane  and  nitroethane;  condensation 
was  carried  out  in  alcohols  solution  at  ordinary  temperature  in  the  presence  of  diethylamine.  The  reaction 
proceeded  very  smoothly:  by  24  hours  the  p' ec Ipitation  of  well-formed  slightly  yellow  crystals  was  observed, 
the  quantity  of  which  reached  a  maximum  (about  80^)  after  2-3  days.  It  is  interesting  to  mention  that  the 
only  reaction  products  were  foul'd  to  be  the  nitioalkanols,  and  n  no  case  was  it  possible  to  determine  the, formation 
of  unsaturated  compounds. 

Thus.  Ln  a  respect,  quinolylaldehyde  para'ieli  the  properties  of  cinchonine  aldehyde  which,  as  was  shovm 
by  Phillips  (81  reacts  w.'th  fiiiroiUane  ir  an  iido!  type  condensation. 

The  second  stage  0*01  ecds  in  a  more  complex  manner,  namely  the  synthesis  of  aminoalkanols.  Although 
It  was  at  o'K.e  pos'.rble  ix-  the  f^rst  oiicnratron  e»pe:'jne”ts  to  determine  that  reductiun  of  the  nitro  group  by  hydrogen 
rn  the  presence  of  Rarey  riickel  catalyst  proceeds  quantitatively  and  selectively,  judging  from  the  quantity  of  hydrogen  j 
consumed,  the  yield  of  amlnoe»ha'’olr  iJola*ed  it  the  form  of  hydrochloride  salts  wat  very  low;  and.  moreover,  it 
depended  upon  the  amour  t  of  water  in  the  med.um  in  which  reduction  was  carried  out,  fluctuating  over  a  very  wide 
range  (27“73^).  Et  was  natural  to  assume  that  during  the  reprocessing  of  the  reaction  mixtures,  the  amino  ethanols 
obtained  by  the  authors,  as  with  other  compounds  of  thb  series,  undergo  hydraminlc  cleavage,  transforming  Into 
quinoly  ketone,  which  was  also  present  In  the  yield  of  substances  sought  for.  In  fact^  upon  a  careful  Inveitigation 
of  the  filtrate  remainLng  after  isolation  of  the  hydrcchlondc  rail  o^  one  of  the  aminoalkanols  synthesized  by  the 
authors,  it  was  possible  to  isolate  a  compound  coniaming  a  functional  ketone  group,  which  readily  gave  a  scral- 
carbazone.  ard  as  analysis  of  the  Utter  Lndicated  was  found  to  be  none  other  than  ethylquinolyl  ketone.  The 
format'on  of  this  comrxjund  may  be  indicated  by  the  followL^g  scheme; 


H- 

H 


a/w  I 


RqO'O^riCH,  —  —  RCOCI^CIV 


where  R  =  the  quinoline  ring. 


The  authors  further  determined  that  this  secondary  ketone  formation  reaction  is  to  a  considerable  degree 
dependent  upon  the  amount  of  water  in  the  alcohol  in  which  reaction  is  carried  out.  The  less  water  contained  in  the 
alcohol,  the  lower  the  ketone  yield  and  the  highei  the  aminoalkanol  yield,  fluctuating  yields  of  the  latter  are  therefore 
explained  by  this  fact. 

The  resulting  aminoalkanols  wete  separated  and  characterized  in  the  form  of  their  hydrochloride  salts. 


EXPERIMENTAL 


I.  Synthesis  of  B -Nitroalkanols. 


L — Syinhesis  of  a  (qu r‘0 ■  yI  j) . •TlllQg* hanol. . . 2 . 5  g  of  C-qu'nolylaldehxd<^*,  30  ml  of  absolute  ethyl  alcohol 


were  placed  in  a  conical  flask,  <ind  to  the  resulting  suspension  was  added  3  ml  of  freshly-distilled  nitromethane.  and 
15  drops  of  diethylam  ne.  f'eshly  d'Stjlled.  was  also  added.  Immediately  upon  introduction  of  the  diethylamine  all 
of  the  aldehyde  dissolved,  a^d  the  react  on  mixture  became  slightly  yellow.  The  flask  was  firmly  stoppered 

with  a  cork  and  left  to  stand  in  a  dark  place  at  ordinary  temperature  for  48 
hours,  Aher  24  hours  there*  appeared  on  the  bottom  of  the  flask  a  small  quantity 
of  cream  colored,  well  -formed,  sma’l  crystals  of  the  condensation  product,  and 
after  48  hours  there  was  formed  a  copious,  dense,  cream-colored  crystalline 
precipitate.  3  was  filtered  by  suction  and  washed  with  a  small  quantity  of  cold 
alcohol;  2.15  g  of  substance  resulted,  constituting  67^  of  the  theoretical  yield; 
m.p.  137-138"  (uncrystaUized).  A^tcr  concenuation  of  the  filtrate  and  of  the 
was  alcohol,  it  was  poss  ble  to  obtai-n  a  small  quantity  of  crystals,  but  less  pure.  The  resulting  substance  was 
readily  soluble  in  hot  alcohol,  w  th  greater  di  ff.culty  in  cold  alcohol,  and  could  be  purified  by  crysulltzation 
rom  ot  alcohol.  ^  light,  crystalline  powder  resulted,  light-yellow  in  color,  m.p.  139-140*, 

•  Obtained  from  6  methylquLnoiir e  by  its  oxidation  with  selenium  dioxide  according  to  the  method  of  M.A. 
Berkengetjn  and  V,  M.  Rodionov  (cited  above). 


/\/nCH(OH)C  ILNO, 

w 
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0.09850  g  substance:  0.2185  g  CO^;  0.0407  g  H^O.  0.1004  g  substance:  0.2224  g  CO^;  0.0425  g  1%0. 
0,0987  g  substance:  10  ml  (18*.  758  mm).  0.0858  g  lubsunce:  9.95  ml  1^  (22*.  762  mm).  Founds 

C  60.40,  60.40;  H  4.67,  4,70;  N  12.92.  12.85.  C||HijO|N|.  Calculated  ‘Jt:  C  60.55;  H  4.58;  N  12.84. 

The  substance  dissolved  readily  in  acids,  forming  salts  The  hydrochloride  salt  was  obtained  for  character!* 
zatioh.  For  this  purpose.  1  g  of  pure  nitroalkanol  (m.p.  139*140*)  was  dissolved  in  30  ml  of  alcohol,'2  ml  of  1^. 
alcoholic  hydrogen  chloride  solution  was  added,  and  having  added  absolute  ether  to  t  dilute  suspension  of  the 
reaction  mixture,  was  left  to  stand  for  several  hours.  The  crystals  (needles)  which  pccipitated  out,  consisting 
of  the  hydrochloride  salt,  were  recrystalllzed  from  hot  alcoh>l;  the  yield. of  pure  product  was  The  salt 
was  readily  soluble  In  water,  forming  a  slightly  yellow  solution;  it  did  not  melt  at  250*;  it  began  to  decompose 
upon  heating  above  250*. 

0.1082  g  substance:  4.27  ml  0.1  N  AgNO|.  Foi-H  Cl  13.99 
(Folgard).  CuHt,0,>^ •  HCl.  Calculated^:  Cl  13.80. 

2  Synthes’s  of  a-(qutnolyl-6)-B-nit:opropanol.  6*Qulnolylaldehyde  was 
condensed  with  nitrocihane  to  ootain  the  derivative.  2.5  g  of  6*qutnolylaldehyde 
and  8  ml  of  absolute  alcohol  were  introduced  mtu  a  small  conical  flask;  to  the 
resulting  suspension,  3.6  ml  of  freshly-distilled  nitroethane  and  15  drops  of 
diethylamlne  also  freshly  distilled  were  added:  complete  dissolution  of  the 
aldehyde  then  occuned.  The  flask  was  stoppered  firmly  with  a  cork  and  left  to  stand  at  room  temi>erature  for 
2  days.  After  this  lapse  of  time,  the  precipitate  was  filtered  by  suction  and  washed  with  absolute  alcoboL 
The  alcohol  was  completely  distilled  off  in  vacuo  from  the  filtrate.  The  precipitate,  with  the  aid  of  a  small 
quantity  of  alcohol,  was  transfened  to  the  filter,  filtered  w'th  suction,  and  washed  with  absolute  alcohol.  The 
combined  precipitates  were  recrystalllzed  from  hot  benzene.  The  total  yield  was  2,8  g,  which  constituted  77flk 
of  the  theoretical  yield:  m.p.  was  134*. 

0.1234  g  substance:  0.2802  g  CO,;  0.0580  g  H,0.  0.0S76  g  subsunce:  10,2  ml  N,  (23*.  753  mm). 

0.1082  g  substance:  12  C  ml  N,  (24.5*,  745  mm),  Four.d  C  61.97:  H  5.22:  N  12  02,  12.09. 

CttHaOjN,.  Calculated  C  62.07,  H5.17.  N  12.07. 


r 

CH(OH)CHNO^ 


11.  Synthesis  of  a -(Qu i no  1  yl -6) -B -a m inoal kanols. 

1.  Synthesis  of  the  Dihydrochloride  of  c-(quinolyl-6)  8 -aminoethanol  1  g  of  the  above -obtained  a-fquinolyl^ 
6)-8-nitroethanol  was  dissolved  with  heating  m  40  ml  of  absolute  ethyl  alcohol:  the  solution  was  transferred  to  a 
flask,  stoppered  firmly  with  a  stopper  equipped  with  two  tubes;  one  was  connected  with  a  source  of  hydrogen,  the 
othe*'  to  a  water  pump.  5-10  g  of  Raney  nickel  catalyst  was  placed  in  the  reaction  flask,  the  former  of  which  had 
been  pre-washed  with  absolute  alcohol  to  remove  the  water  under  which  it  u  usually  stored.  Having  removed  all 
air  from  the  apparatus  as  completely  as  possible  with  the  aid  of  a  water  pump,  the  reaction  flask  was  connected 
to  a  hydrogen  source.  Reduction  was  earned  out  under  normal  pressure  and  at  standard  temperature,  with  vigorous 
shaking  of  the  reaction  vessel,  and  reaction  was  terminated  after  40  minutes,  at  which  time  the  quantity  of  hydrogen 
calculated  for  reduction  of  the  nitro  group  had  been  consumed,  and  the  reaction  mixture  had  become  strongly 
alkaline  After  terminaf  on  of  the  reduction,  the  reaction  mixture  was  filtered  off  from  the  catalyst:  the  latter 
was  washed  thoroughly  with  alcohol  to  the  disappearance  of  alkaline  reaction.  The  combined  alcoholic  filtrates 
were  acidified  with  an  alcoholic  solution  of  hydrogen  chloride  and  evaporated  to  dryness  in  vacuo  After  distilling 
off  the  alcohol,  a  crystalline  mass,  yellow-brow'^  or  gray  green  n  color,  remained  (depending  upon  the  standing 
time  of  the  reaction  mixture)  After  adding  a  few  ml  of  absolute  alcohol,  the  precipitate  was  transferred  to  a 
small  Buchner  funr'el,  carefully  filtered  by  suction,  washed  wuh  a  small  quantity  of  absolute  alcohol  and  recry¬ 
stalllzed  from  alcohol;  the  yield  of  crude  product  was  70-75<Jb  yield  of  pure  product  was  35-40^. 

The  dihydrochloride  was  recrystalllzed  from  alcohol  as  a  fine,  crystalline  powder,  readily  soluble  in 
water,  it  did  not  melt  up  to  250*,  above  which  temperature  it  became  black  and  decomposed. 

0  1125  g  substance.  0  2082  g  CO,:  0,0540  g  H,0.  0.1056  g 
substance-  9.75  ml  N,  (24*.  760  m.n)  0.03740  g  substance: 

2.85  ml  0  1  N  AgNO,.  Found  C  50.45,  H  5  33;  N  10.67: 

Cl  27. 12  (  Folgard  );  C||H|.01^  •  2HC1.  Calculated 
C  50.60,  H  5.36:  N  10.73:  Cl  27.18. 


JH(OH)C  HN 1^  •  2  HCl 


N 


2.  Syrihesis  of  the  dihydrochloride  of  a-(quipolyl*  6)-fl->minopropanol.  Reduction  of  the  ebovo*<iescfibed 
fl-(qulr.olyl-6)-fl-nitropropanol,  as  well  as  treatment  of  the  reaction  mixture,  was  carried  out  under  the  same 
conditions  as  iiidicated  above  for  its  lovrer  homolog.  After  distilling  off  the  ether,  a  yellowish*brown  mass 
remained,  which  crystallized  out  as  a  grayish  green,  ciystall me  precipiute  upon  standing.  To  separate  the 
dihydrochlori.de,  after  distilling  off  the  alcohol,  several  ml  of  absolute  alcohol  vas  added  to  the  residue,  the 
precipitate  transferred  to  a  small  Buchner  funnel  and  thoroughly  washed  with  a  small  quantity  of  absolute  alcohol. 
The  yield  of  uncrystalli/ed  product  fluctuated  within  a  wide  range  (from  23-25*^)  in  the  case  of  high-colored 
residues  after  distilling  off  the  ether,  to  60-(>3^,  in  the  case  of  gray.)  To  explain  these  fluctuations,  both  the 
crystalline  reaction  product  and  the  filtrate  remaining  after  isolation  were  Investigated. 

a)  For  an  investigation  of  the  precipitate  it  was  carefully  crystallized  from  alcohol:  in  'his  manner 
white  crystals  resulted  (needles),  readily  soluble  in  water,  and  insoluble  in  the  usual  organic  solvents  (with 
the  exception  of  hot  alcohol).  As  analysis  indicated,  these  crystals  were  the  dihydrochloride  of  tt*(qulnolyl- 
6)*S  aminopropanol.  CH| 


0.1244  g  substance.:  0  2385  g  CO,  0.0654  g  H,0  0  1178  g  substance: 
10.25  ml  N,  (19',  758  mm).  0.0566  g  substance:  4.1  ml  0  1  N  AgNO,; 
Found  <7o:  C  52.20;  H  5  84:  N  10.13.  Cl  25  62.  Ci,Hj40N,  •  2HC1. 
Calculated  *73  C  52  38;  H  5  82;  S  10  13:  Cl  25.74. 


CH, 

|^^'^CH(O10CHNH,-2Ha 


b)  An  investigation  of  the  f  Urate  was  carried  out  by  means  of  its  extraction  several  times  with  ether:  for 
this  purpose  the  filtrate  was  saturated  first  with  sodium  acetate,  alter  which  an  oil  separated,  which  was  extracted 
with  ether.  The  ether  extract  was  dried  w‘th  freshly-heated  sodium  sulfate,  and  the  ether  distilled  off;  after 
distilling  off  the  ether,  the  residue  was  dissolved  in  alcohol  and  treated  with  the  corresponding  quantity  of  a  semi- 
carbazide  hydrochloride  and  sedLum  acetate,  ard  left  to  stand  overnight.  The  precipitate  separated  on  the  second 
day,  wa*  filtcieu  uif,  ano  recrystallized  frt>m  alcohol.  White  crystals  with  a  yellowish  shade,  m.p.  218*220*  As 
analysis  showed,  the  crystals  obtained  were  found  to  be  the  semicarbazone  of  a-(quinolyl-6)-0-ethyl  ketone. 

3.105  g  substance:  0.657  ml  (24*.  724.5  mm).  3.215  g  substance:  0.684  ml  N,  (25*,  723.5  mm).  Found 
%  N  23.19,  23.10.  CijHi^ON^.  Calculated ‘JIj;  N  23.14. 

SUMMARY 


1.  The  corde’^sar  or.  reaction  cf  6  cjujroJyladehyde  with  nitroalkanes  has  been  studied.  It  has  been  est¬ 
ablished  that  condensation  proceeds  accordj'g  to  the  aldol  type,  with  Formation  of  the  corresponding  nitroalkanols. 

2.  The  catalytic  reduction  reaction  of  a -^quinolyl-6)  0-nitroalkanols  in  the  presence  of  Raney  nickel  nas 
been  studied.  It  has  been  determined  that  at  normal  pressure  and  atmosphere  the  reduction  proceeds  selectively, 
affect  . rg  only  the  niiro  gto.jp.  with  Format  on  of  the  corresponding  B-aminoalkanols.  It  has  been  determined  that 
while  treati'^g  the  react  on  m.*ii_res  obtaj’-ed  after  reductio;;,  the  B-am’i-.oalkanols  formed  undergo  hydramine 
cleavage.  trar.sformi‘'g  -r.-to  the  cor:espo''d_"g  ketor.es,  .dentif  ed  as  »he  semicarbazones. 

3.  Two  new  a -sub'tjtjted  6  am^noalkanols  have  been  syrthes'.zed:  a  (quinolyl-6)-0-aminoethanol  and 
a  -(qumolyl  -6)-B  am'nopropa'iol. 
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SYNTHESIS  OF  3-ALK YLCHOLESTADIENES 


In  spite  of  the  considerable  .lumber  of  presently  known  dienes  of  the  cholesterol  series,  of  the  substituted 
cholestadienes  only  two  compounds  arc  known  -  3-chloro-A*»*-cholestadlene  fl]  and  3-phenyl-A’**<holesudiene 
[2].  The  first  was  obtamed  by  treatment  of  cholestenone  with  thionyl  chloride,  and  the  second,  by  interaction  of 
chole$tenor«  with  phcnylmagncsiumbromlde,  followed  by  decomposition  of  the  Grignard  complex  with  dilute  hy¬ 
drochloric  acid. 

Since  cholestadienes  with  substituents  In  position  3  were  of  interest  to  die  authors  from  the  view  of  investi¬ 
gation  of  their  photochemical  transformations  f3].  the  authors  have  used  the  latter  method  for  the  synthesis  of 
various  3-alkylcholest^dlcnes.  The  authors  have  investigated  both  conditions  for  the  course  of  the  Grignard  reaction 
between  cholcstenore  (I)  and  the  various  alkylmagnes’um  halides,  the  method  of  decomposing  the  resulting  Grignard 
complex.  All  possible  directions  for  this  reaction  can  be  shown  by  the  following  scheme: 


XMgO 


As  the  authors'  investigations  have  shown,  the  best  conditions  for  reaction  are  found  to  be  the  addition,  in 
erher  solution,  of  a  deceit  amount  of  cholesterone  to  the  corresponding  Gr'gnard  reagent  with  cooling  and  stir- 
rLng.  Depending  upon  corid.t.ons  ^^r  the  decompc'S'»'on  of  the  resulting  Grignard  complex,  the  authors  were  able  to 
obtain  both  3  alkyl-A^-cholester  3  -ois  (li)  a-nl  various  S-alkyl-A** ^-cholestadienes  (III),  as  well  as  3-alkyl-A*'‘-  • 
cholestadienes  (IV). 

Upon  decomposing  the  Grignard  complex  with  dilute  hydrochloric  acid,  or  acetic  acid,  there  resulted  as  the 
principal  product  3-alkyl-A-*»®-cbole$tadlenes  ( IV).  The  authors  thus  obtained  3-meihyl-. 3-ethyl-.  3-n-butyl-.  3- 
cyclohexyl-  and  3-hexyl- A*  *  cholestadienes. 

All  of  these  dier  es  exhib’t  a  stro'^g  rotation  to  the  left,  do  not  give  normal  addition  products  with  maleic 
anhydride,  are  not  reduced  by  sodium  ‘H  amyl  alcohol,  and  possess  a  maximum  absorption  below  250  rPM.  All  of 
these  properties  conf'rm  the  structure  as  S-alkyl-A*'' cholestadienes  (4). 

A  summary  of  the  3-alkyl  substinjtes  of  A^'*-cho1estad’ene,  and  theu  physical  properties,  is  given  la  the 

Table. 

_ _  The  direct  formation  of  3-alkyl- 

name  **  I  melting  1  [aJo  yield  (^  A*'*<holestadiene$  under  the  conditions  of 

— - - — _ _ I  - —  acid  decomposition  of  the  Grignaid  com- 

3-mcthyl-A’-*-chole$iadienc  i  81.5  82’'  -129'  73  7  plex  may  be  explained  by  the  possibility  of 

3-fcthyl  A’'‘cholestadiene  <  77-78  -120  68.0  ease  in  allyl  rearrangement  of  the  3-alkyl- 

3-n-butyl-A*'®-chole$tadferc  64-65  -109.9  51  8  A* cholesten-3-ol  (IQ  which  fust  forms, 

3-hexyl-A*'*-cholestadtene  46-48  -  93.8  40.0  with  lU  subsequent  dehydration  according 

3-cycIohexvl-A*'*-cholestad<epe  144-146  —  84.6  50.0  to  the  scheme: 


name 

1  melting 

1  point 

[4]d 

yield 

3-mcthyl-A*'*-chole$iadienc 

81.5  82' 

-129' 

73  7 

3-t:thyl-A’'*cholestadiene 

77-78 

-120 

68.0 

3-n-butyl-A*'®-chole$tadlere 

64-65 

-109.9 

51  8 

3-hexyl-A*'*-cholestadiene 

46-48 

-  93.8 

40.0 

3x:ycIohexyl-A*'*-cholestad<epe 

144  146 

-  84.6 

50.0 

Alk-^ 


Alk—V  z*^  / 


The  presence  of  such  rearrangemert  identical  with  transformation  of  the  alio*  and  epiallo<.holesterini  [5] 
was  experimentally  confirmed  by  the  authors. 

If  decomposition  of  the  Grignard  complex  which  results  from  the  interaction  of  cholcstenone  with  the 
alkylmagnesium  halide  is  carried  out  U'lder  very  mild  conditions,  with  the  calculated  Quantity  of  ammonium  chlor* 
ide,  strong  cooling  and  stirring,  then  In  the  case  of  CHgMgl  and  C|K|MgBr  it  is  possible  to  obtain  from  the  reaction 
products  3  -mcthyl-A*  cholestep-3  ol  (II,  Aik  ~  CHj)  and  3-eihyl-A*-choleiten-3-ol  (II  Aik  *  C|I^  in  yield  up  to 
80*7(»,  together  with  some  quality  of  uncrystalllzable  substance.  The  3-alkyl-A^-chole:ten“3‘Ols  thus  obtained  are 
found  to  be  readily -crystallizable  indiv;dual  substances  possessing  a  strong  rotation  to  the  right,  which  corresponds 
to  a  double  bond  position  at  C4  14),  Such  caibinols  arc  found  to  be  extremely  unstable  compounds,  as  the  result 
of  which  their  isolation  and  crystallization  requue  the  maintenance  of  a  series  of  precautions  (see  E  xperimental). 
Upon  treating  alcoholic  solutions  of  the  caibirtols  with  hydrogen  chloride  in  the  cold,  they  are  quantitatively  de¬ 
composed  to  the  correspond ipg  3-alk.yl  A*'»*'Cholcstadiene$  which  are  identical  with  those  resulting  from  direct  acid 
decomposition: 


alcohol  HCl 


Aik  =  Chi  or  C,H*. 


This  fact,  which  confums  the  existepxe  of  allyl  reairangement  in  3“a?kylTA*-cholc$Ten-3-ols,  explains  the 
direct  formation  of  3-alkyl“A*‘'*  ch3lestad'£r;es  by  the  direct  acid  decomposition  of  the  interaction  products  of 
cholcstenone  with  AlkMgX. 

The  authors  were  able  to  effect  syf'thesvs  of  3-aU<yi  A*'*-<holestadiene$  only  in  the  case  of  the  methyl  deriv¬ 
ative.  If  die  interaction  product  of  cholesicnone  with  CHjkIgl  was  decomposed  under  specified  conditions  (NH/3 
solution  without  cooling).  It  was  the';  p-ss  ble  to  isolate  a  crystalline  substance  with  m.p.  68-€9*,  (0)0*"  12.8*,  whicl 
by  analysis,  corresponded  to  3-inethylcholestadiepc,  Ill's  diene  differed  in  its  constants  from  the  earlier  obtained 
3-methyl-A*^*“cholestadier.e.  a’d  possessed  an  absorption  in  the  range  260-280  mp.  When  treated  in  alcoholic  solu¬ 
tion  with  hydrogen  chloride.  3  methyl-A’'*  cho'estadiene  was  formed  in  quantitative  yield.  These  properties  indic¬ 
ated  that  the  3-mcthylcholest<*d  e'-e  obtained,  with  m.p,  63-69*,  and  -12,8*  1$  3-meihyl-A*'^'chole$tadiene 
(III  Aik  =  CHj). 

An  attempt  to  sy-thes  ze  3  me'hyl  A*^'*cholestadlene  by  direct  dehydration  of  pure  3-methyl-A‘*-chole$ten- 
3-0I  (sublimed  in  vacuo,  red  sfHed  with  Al|0^arid  so  forth)  did  not  lead  to  the  desired  results,  since  3-methyl-A^*- 
cholestadiene  invar  abty.reM,lted. 

EXPERIMENTAL 

1  Synthes  s  .>f  3-Aiky:  A^'*~'Cboicsta^j£s. 

o 3 t tty  1  -  A*- **  0 ho  1  e stad :e p.e .  5.7  g  of  cholcstenone  solutuin  in  36  ml  of  absolute  ether  was 
added  dropw  se  over  a  period  of  0.5  hour,  wth  vigorous  stirring,  ardat  a  temperature  of  ”8*,  to  a  solution  of  methyl- 
magnesium  lod'de.  prepared  from  1.4  g  of  magnes'um  and  9.2  g  of  methyl  iodide  in  50  ml  of  absolute  ether  (5-fold 
excess).  After  addition  of  the  cholestenorie,  the  reaction  m'jiiure  was  stirred  for  1  hour  at  0*.  and  then  slowly  decom¬ 
posed  by  the  addition  of  50  ml  of  lO^o  iiC  1.  w:th  st’nir.g  and  ice  cooling.  The  ether  extract  was  separated, 
washed  thoroughly  wirh  water,  and  dried  with  a’^hydroas  sodium  sulfate.  After  distilling  the  ether  off  in  vacuo,  a 
light  yellow  oil  remained,  which  crystallized  after  the  additio.*'  of  a  small  quantity  of  alcohol.  After  recrystallizing 
three  times  from  a  mixture  of  aicohol  a^d  ether  (2:1).  4.2  g  of  pure  3 methyl- A*r*-cholestadicnc  was  obtained. 

White,  lustrous  needles  with  m  p.  81  62“  a'^d  (aj-g  -129“  (144  mg  of  substance  In  10  ml  of  CCI4.  a  1.87*).  The 
y'Xld  was  73.7%,  calculatir  g  on  the  basis  of  choiestenonc  taken  for  reaction.  For  analysis,  the  product  was  dried 
in  vacuo  at  40“  over  phosphoric  anhydride. 
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an  alcohol  ether  mixture  (2: 1).  there  resulted  4.0  g  {6&fa)  of  3-cthyl-A**‘*ebole$iadleoc.  Colorless,  lustrous  plate 
witn  m.p.  77-'/8*  and[a]5  *“  120.0*  (100  mg  of  substance  in  10  ml  of  CCI4;  c  “1.2*).  For  analysis,  the  substance 
was  dried  in  vacuo  at  40*  over  phosphoric  anhydride  for  4  hour*. 

5.602  mg  substance:  1X720  mg  CP|;  5.971  mg  1^0.  4.073  mg  subsunce:  13.148  mgCO^:  4.459  mg  1^0. 

Found  it:  C  87.89.  88.09i  H  12.14,  12.25.  Cj^Ho-  Calculated  it:  C  87.80;  H  12.20. 

3.  Synthesis  of  3-fi-flatyl-A*^  eholestadlene.  A  double  excess  of  butyl  magnesium  bromide  (from  0.6  g 
of  Mg  and  3.6  g  of  n-^utyl  bromide  in  40  ml  of  absolute  ether)  was  added  to  a  solution  of  5  g  of  cholestenone 

in  35  ml  of  absolute  ether  over  a  period  of  40  miAutes  with  vigorous  stirring  and  ice' cooling.  After  completion  * 
of  the  addition,  the  reaction  mixture  was  kept  at  0*  for  1  hour,  and  then  decomposed  by  adding  a  solution  of 
10  g  of  ammonium  chloride  in  8C  ml  of  water,  with  vigorous  stirring  at  0*.  The  ether  layer  was  separated, 
washed  with  water,  and  dried  with  anhydrous  sodium  sulfate.  Afxr  d.-stUlmg  the  ether  off  in  vacuo,  a  thick, 
light-eolored  oil  re.maiced.  *^6  product  was  dissolved  in  20  ml  of  warm  ethyl  alcohol  and  0.5  ml  of  cone.  Hd 
was  added,  with  the  result  that  a  light-colored  oil  immediately  separated  out  from  the  warm  solution,  which 
gradually  crystallized  upon  standing  in  the  refrigerator  (for  2-3  days).  The  crystalline  product  was  filtered  off. 
washed  with  alcohol,  and  dried  in  a  vacuum  desiccator  over  calcium  chloride.  After  recrystalliztng  twice 
from  alcohol  and  ether  mixture  (3: 1).  there  resulted  3.0  g  of  3-n-butyl-A***eholcstadiene,  with  m,p.  64-€5*,  and  . 
r®  3d  “109.9*  (233  mg  subttance  in  10  mg  CCl^.a  -2.6**).  The  yield  constituted  51.8^.  based  upon  choles^nooe 
taken  for  reaction. 

For  analysis,  the  3  n-butyl-A^^-cholestadlene  was  dried  in  a  vacuum  desiccator  over  phosphoric  anhydride, 

3.674  mg  substance:  11.842  mg  Cp|:  4.059  rag  HO,  0,0801  g  substance:  0.2584  g  C(^;  0.0S88  g  HO. 

Found  it:  C  87.95,  87.97;  H  12.46.  12.32.  CjiHa-  Calculated  it:  C  87.66;  H  12.34. 

4.  Synthesis  of  3-fi-Hexyl“A^~-cholestad  er.e.  A  double  excess  of  hexylmagnesiura  biomide  (from  0.63  g 
of  Mg  and  4.3  g  of  n  hexyl  bromide  in  35  ml  of  absolute  ether)  was  added  to  a  solution  of  5  g  of  cholestenone  in 
35  ml  of  absolute  ether.  Vkith  vigorous  stirrLng  at  0*.  After  stining  fe:  1  hour  ax  0*.  the  reaction  mixture  was 
decomposed  as  before  with  ammonium  chloride  solution.  The  ether  layer  was  separated,  washed  with  water, 
dried  over  anhydrous  sodium  sulfate,  and  the  ether  distilled  off  in  vacuo.  The  remaining  viscous,  colorless  oil. 
which  did  not  crys^all’ic  on  standirn.  was  dissolved  ’n  30  ml  of  ethyl  alcohol  and  0.5  ml  of  concentrated  HCl  was 
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anhydrous  Na|S04,  and  the  ether  distilled  off  to  a  small  volume.  A  small  volume  of  absolute  alcohol  was  added 
to  the  resulting  crysulline  precipitate,  and  the  precipitate  filtered  off.  After  two  recrystalllzailons  from  ethyl 
acetate  or  alcohol -benzene  mixture  (9:1),  3  g  (50^)  of  3-<:yclohexyl-A**‘-cholestadlene  was  obtained,  with  m.p. 
144-146*  and  [a][}  -34.3"  (105  mg  substance  in  10  ml  CHC1|  a  -0.94*). 

For  analysis,  the  diene  was  dried  in  vacuo  at  60*  over  phosphoric  anhydride. 

0.1236  g  substance:  0.3999  g  CO,;  0.1339  g  1^0.  0.1230  g  substance:  0.3976  g  CQ,:  0.1320  g  1^0. 

Found  ‘Jk:  C  88.10,  83.16;  H  12.22,  11.92.  CaH,4.  Calculated  C  87.92,  12.07. 

II  Synthesis  of  3-Alkyl-  A*<hole5ten--3  ols  and  Their  Conversions. 

1.  Synthesis  of  3-Methyl-A*-cholesten“3-ol.  A  solution  of  5.7  g  of  cholestenone  in  35  ml  of  absolute  ether 
was  added  dropwise  at  -8*.  with  vigorous  stirring,  to  a  solution  of  methylmagnesium  iodide  prepared  from  1.4  g 
of  Wg  and  9.2  g  of  CH,1  in  50  ml  of  absolute  ether.  After  keeping  at  0*  for  0.5  hour,  the  reaction  product  was 
decomposed  at  “  8  to  ”10*  by  the  slow  addition  of  a  solution  composed  of  10  g  of  ammonium  chloride  in  100  ml 
of  watei.  and  stined  for  0.5  hour  at  room  temperature.  The  ether  was  separated,  washed  with  water,  dried  over 
anhydrous  sulfate  and  the  ether  distilled  off  in  vacuo  The  residue  was  a  crystalline  substance,  in  the  form  of 
long  thin  needles  ar-d  had  an  m.p.  of  102104“.  The  weight  was  4.7  g.  which  constituted  about  79.6<^of  the 
theoretical,  calculating  for  tne  cho’estenore  taker,  into  reaction.  After  two  recrystallizations  from  alcohol-ether 
mixture  (4:1),  and  then  from  a  small  volume  of  ether,  3.5  g  of  the  substance  with  m.p.  112-114*  resulted  with 
[aln  -*60. 9*  (200  rng  subsu^’ce  m  10  mgCO^  a  ♦1.29*).  The  substance  obtained  is  extremely  unstable 
with  respect  to  heat  and  to  traces  of  ac’ds,  and  so  it  is  necessary  during  the  crystallization  process  to  avoid 
prolonged  heating,  and  to  the  solvents  should  be  added  a  small  quantity  (2-3  drops)  of  ammonium  chloride 
solution. 

For  analysis,  the  substance  was  dried  in  a  vacuum  desiccator  over  calcium  chloride. 

4.417  mg  substance:  13.301  mg  CO,;  4.758  mg  H^O.  0.1040  g  substance:  0.3130  g  CQ,:  0.1120  g  1^0. 

0.1051  g  substance:  0.3153  g  COu;  0.1146  g  H,0.  Found  C  82.17,  82.08,  82.0;  H  12.05.  11.96,  12.11. 

M  415.2.  403  8  ,  402,5  (Rast).  V|  i^O.  Calculated  C  82.08;  H  12.05;  M  40S.7. 

2.  Conversion  of  3-Methyl-A*<ho!este>3 -ol  to  3-Methyl-A*’*-cholestadlene.  5  drops  of  concentrated 
HCl  was  added  to  a  solution  of  2  g  of  3'meihyl  -^-cholesten-3  ol  m  150  ml  of  96‘5t  ethyl  alcohol,  and  the 
solution  was  boiled  for  5  minutes.  After  cooling,  the  resulting  precipitate  was  filtered  off,  washed  with  alcohol 
and  dried,  m.p.  77-79“.  After  recrystall’zation  from  alcohol-ether  mixture  (3:1),  there  resulted  a  substance 

in  the  form  of  lustrous  needles,  with  m.p.  81.5-82*  and  (a)^  “129.8*.  which  did  not  give  a  melting  point 
depression  with  the  earlier  obtai.ned  3  methyl-A*’*-cholestadiene.  Yield  was  1.5  g  (79.9  <5fc). 

3.  Synthesis  of  3 -EThyl-A^<hclesten-3ol.  In  a  manner  similar  to  the  synthesis  of  3-methyl-A*-cholesten- 
3ol.  4.8  g  of  crude  3-ethyl  A''cbolesten-3  ol  with  m.p.  84  -SS*  resulted  from  5.7  g  of  cholestenone.  After 
double  recrystallization  from  ether  by  addition  of  a  small  volume  of  alcohol,  3.5  g  of  substance  resulted,  which 
crystallused  in  the  form  of  long,  thm  needles,  with  a  constant  m.p.  of  89-91*  and  [a]^  ♦  60.6*  (165  mg  substance 
in  10  mi  CCl^,  a-t-1.0").  As  with  the  methyl  derivative.  3- ethyl  A*'cholesten-3-ol  is  very  unstable  toward  heat 
and  to  the  presence  of  traces  of  acids. 

For  analysis,  the  substance  was  dried  In  a  vacuum  de»  ccator  over  calcium  chloride. 

4.528  mg  substa-ice;  13  675  mg  CO,.  4.925  mg  h,0  0.1192  g  substance:  0.3584  g  CO^;  0!l306  g  H,0. 

Found C  82  42.  82  00.  H  12.17,  11.98,  M  421.0,  419.5  (Rast).  C,,H^O-  Vt  H|0,  Calculated 

C  82.27.  H  12,06'  M  423.7. 

,5.:,  ^-byl  A*-cholesten.  S  ol  into  3-Ethyl  -A**^-cholestadiene.  5  drops  of  cone.  HCl  was  added | 

to  a  solution  of  1  g  of  3  ethyl  A^-  cholesten  a  ol  in  50  ml  of  96  ojo  ethyl  alcohol,  and  the  solution  was  boiled  fer 
5  minutes.  The  crystalline  product  which  resulted  on  cooling  (lustrous  crystals)  was  filtered  off,  washed  and  dri< 
m.p.  76-77*.  After  a  single  crystallization  from  an  alcohol  ether  mixture  (3:1),  0.8  g  of  the  subsunce  resulted 

(88.8^),  with  m.p.  77  78*  a^d  (a'^  ”).19  1*,  which  did  rot  give  a  melting  point  depression  with  the  earlier- 
obtained  3  ethyl-  A*'  'cholefadiCDe, 

jll.  Synthesis  of  3-KtethyI-A*‘*-cholesudiene  and  Us  Conversion. 

A  solut'On  of  11,4  g  of  cholestenone  in  75  ml  of  ether  was  added,  over  a  period  of  45  minutes  with  vigorou. 
stirring  and  cooling  to  -8*.  to  a  solution  of  me»hylmagncsium  iodide  prepared  from  2.8  g  of  Mg  and  18.2  g  of  CH, 
0  ml  of  absolute  ether.  The  reactJ.on  mass  was  stirred  for.  1  hour  at  0*,  and  then  slowly  decomposed  with 


332 


itliring  by  the  addition  of  a  solution  of  20  g  of  ammonium  chloride  in  180  ml  of  water,  without  cooling,  and  with 
rapid  boiling  of  the  ether.  The  ether  layer  was  separated,  luing  anhydrous  sodium  sulfate,  and  the  ether  was  distilled 
off  in  vacuo.  The  remaining  light-colored  viscous  oil  gradually  crystallized  upon  standing.  The  crystalline  residue 
was  tecrystalllzed  from  an  alcohol-ether  mixture  (3: 1),  and  the  substance  was  obtained  in  the  form  of  white 
lusnous  plates,  with  m.p.  65-67*,  After  three  recrystallizations,  8.7  g  (85.9  of  pure  3-methyl- A^'^holestadiene. 
resulted,  with  a  constant  m.p.  of  68-69*  and  [alB  -12.5*  (0.1437  g  substance:  10  ml  CHC1»  a  -0.17*). 


For  analysis,  the  product  was  dried  in  a  vacuum  desiccator  over  phosphoric  anhydride. 


3.946  rng  substarce:  12.766  mg  CO|:  4.271  mg  H^.  4.953  mg  subiunce:  15.996  mg  CO^i  5.341  mg 
H,0.  Found  C  88.27,  88.13;  H  12.11,  12.07.  C„Ka.  Calculated  C  87.88;  H  12,12. 


0.5  ml  of  cone.  HCl  was  added  to  a  solution  of  1.4  g  of  3-methyl-A*‘^*cholestadiene  in  200  ml  of  96^ 
ethyl  alcohol  and  the  solution  was  boiled  for  5  minutes.  The  resulting  lustrous  white  needles  obtained  on  cooling 
were  filtered  off,  washed  with  alcohol  and  dried.  Weight  was  13  g,  m.p.  79-60*.  After  recrysullization  from 
alcohol-ether  mixture  (3:1),  1.2  g  of  the  substance  with  m.p.  81-62*  and  [«}§  —129.3*  resulted,  which  <fid  not 
give  depression  in  melting  point  with  the  earlier-obtained  3-methyl-A’''-cholestadiene.  The  yield  was  quantitative. 


SUMMARY  ! 

1.  The  Grignard  reaction  between  certain  AlkMgX  compounds  and  A^<hc!cstenone  has  been  studied.  1 ; 

2.  By  means  of  direct  acid  decomposition  of  the  interaction  products  from  alkylmagnesium  halides 

and  the  cholestenone,  a  series  of  3-alkyl -A** *-cholestadlenes  has  been  obtained.  '  .  ^ ' 

3.  Under  specified  conditioiu  of  decomposition  of  the  Grignard  complex.  3-methyl-A^holesteii-3-ol,  , 

3-ethyl-A*-cholesien-3-ol  end  3  methyl-A*‘*-chole$tadiene  have  been  obtained.  U  has  been  demonstrated  that 

these  compounds  when  treated  with  an  alcoholic  solution  of  hydrogen  chloride,  are  able  quantiutively  to  ^ ; 

convert  into  the  corresponding  3-alkyl-A*’*-cholestadienes.  .  • 


LITERATURE  CITED 


[1]  L  Ruzicka,  W.  Fischer.  HeW.  Chtm.  Acu.  19.  806  (1936). 

[2]  Y.  Urushibara,  T.  Ando,  Arakl,  Ozawa,  Bull.  Soc.  chlm.  Japan.  12.  353  (1937). 

[3]  M.  L  Ushakov  and  N.  F.  Kosheleva.  L  Gen.  Chem..  11.  203  (1941). 

[4]  a  E.  Stavely.  W.  Bergmann,  J.  Org.  Chem.,  L  567  (1937). 

[5]  J.  C.  Eck.  R.  L  Peursem,  E.  Hollingsworth.’ J.  Am.  Chem.  Soc..  61.  171  (1939).  , 

Received  April  7,  1951.  Academy  of  Medical  Science 

Institute  of  General  and  Experimental  Pathology 


1 

I 


333 


ABSORPTION  SPECTRA  AND  STRUCTURES  OF  LOCAL-ANESTHETIC 

DERIVATIVES  OP  PYRAZOLINE 


N.  A.  Valyathko  and  I.  T.  Depeihko 


SYNTHESES 


Compounds  of  the  pyiazoline  gmup.  having  the  general  formula  (I); 


In  which  R  =  phenyl,  substituted  phenyl,  furyl-2.  and  NRi  =  piperidmo  oi  dulkylaroino  groups,  possess  in  a 
majority  of  cases,  according  to  Slnha  [1]  a  powerful  locaWnesthetlzlng  action  with  a  lower  toxicity  diaa 
cocaine,  and  cause  but  little  initatlon.  Of  thu  series,  the  most  effective  was  found  to  be  the  R'-n-butoxy 
compound. 

On  the  basis  of  this  data,  the  authors  elected  to  synthesize,  in  the  form  of  the  hydrochloride  salt. 
l-phenyl-6-(2'-n-butoxyphenyl)AJ-  (B-N-piperldlnoethyl)-pyrazoline  as  a  representative  of  these  new  locaP 
anesthetizing  agents. 

For  spectrophotometrlc  comparison,  .^,&^ipbep.yl-G-(0-N-plpendlnoethyl)-pyrazoline  hydrochloride  was 
also  prepared,  using  benzalacetone. 

Benzalacetone  was  prepared  according  to  Schmidt  (2]  from  benzaldehyde  and  acetone.  Tbe  resulting 
benzalacetone  was  distilled  at  137-140*.  16  mm,  and  after  standing  for  some  time,  solidified  to  crysuls  with 
m.p.  141*.  According  to  Claisenand  Ponder  131  the  b,p.  is  151-153*  at  25  mm,  with  a  m.pi  of  41-42T. 

l-N-Piperidlno-5-phenyl-A*-penien-3-6|ie  hydrochloride  was  synthesized  according  to  the  method  of 
Mannlch  and  Schutz  [4]  by  condensing  benzalacetone  with  paraformaldehyde  and  piperidine  hydrochloride  [5], 

Trie  substance  obtained  was  readily  soluble  in  water,  chloroform,  but  did  not  dissolve  In  acetone,  or  ethyl 
acetate.  Up.  180.5*.  Yield  was  94.6^i. 

The  phenylhydrazone  of  l-N-plperldino-5-phenyl-A*-pentene-3-one  hydrochloride  was  obtain^  according 
to  Mannlch  and  Schutz  [4]  and  Nisbet  [6].  After  recrysullization  from  S5‘5t>  alcohol,  the  resulting  yellow^  ^ 
needles  melted  at  169*.  The  above-mdicated  phcnylhydrazwie  was  isoraerlzed  to  the  l.S-diphenyl-S-lp-N-  • 
piperidinoethyl)-pyrazollne  hydrochloride.  The  white  needles  were  recrystallized  from  absolute  alcoboL  m.p.l97*, 

l-Phenyl-6-(2’-n-butoxyplienyl)-3  <d-hHJtpe«dinoethyl)-pyTa2olme  hydrcclilorldc  was  prepared  according 
to  Levvy  and  Nisbet  [7],  proceeding  from  2  hydro<ybenzalacetone,  prepared  accordng  to  Harris  [3]  from 
salicylic  aldeh>  de  and  acetone.  Recrystallization  was  carried  out  with  berzene  and  animal  charcoal.  Crystals 
resulted  with  a  m.p.  of  139*;  according  to  Tie.mann  and  Kees  (9],  m,p.  U  139*.  2-n-ButoxybcnzaUeetone  was 
prepared  from  2-hydioxybenzalacetone  by  conversion  to  the  phenolatc  and  reacting  with  n-butyl  bromide,  or 
n-butyl-p-toluenesulfonate,  the  latter  giving  the  better  result.  2-flHButoxybenzalaceione  had  a  b.j>.  of  171.5*  at 
3  mm. 

l-N-Piperidlno-6-(2’-n-butoxypher.yl)~A^-renten-3-one  hydrochloride  was  synthesized  according  to  Levvy 
and  Nisbet  (71  The  resulting  while  needles  had  a  m.p.  of  164.5*  after  recrystallization  from  alcohoL  Yield 
was  28 

15  g  of  the  above-indicated  amlnoketone  hydrochloride  was  dissolved  in  120  ml  of  £5^  alcohol.  7  g  of 
phenylhydrazlne  added,  and  then  7.5  g  of  glacial  acetic  acid.  ‘Upon  heatmg  to  40*  for  a  certain  length  of  time, 
yellow  phenylhydrazone  needles  separated.  After  recrystallization  from  alcohol.  m.p.  wa*  155.5  ,  according 
to  Levvy  and  Nisbet.  m  o.  is  154-155 *.  The  phenylhydrazone  was  isoroerized  with  the  help  of  glacial  acetic 


acid,  accoiding  to  Lcvvy  and  Stxsbct  f?!  to  ibe  l-phenyl-<2’-fl-butoxyphcnyl)-3-(  3-N-i)lperidlnocthyl)-pyra2ollne 
hydrochloride,  m.p.  19*.  Yieli  T7^ 


Fig.  1.  1)  1.5-Diphenyl-3'(S*Nptperidinoertyl)-pyrazohnc 
hydrochloride  in  alcohol,  fron:  10 - 10‘*  molar;  2)  the  same 
from  lO'MO"*  molar  after  riidir-g  24  hours;  3)  the  same  Ln 
dichlceoethane,  from  10**-5  IQ“*  molar,  4>  l-p.perldino-S- 
pherriH-di^-penten-S'phenylhydrarone  hydrochlor-de  in 
alconc-l  from  molar  5)  phenylhycrazine  in 

alcohcl  fro.m  10**  to  10’^  molar. 


Absorption  Spectra 

1.5-Diphenyl-3-(B“N»piperidtnoethylV 
pyrazoline  hydrochloride  (ID  wai  Investigate^ 
in  alcoholic  concentrations  ranging  from 
10**  to  lO'*  molar  (Fig.  1,  Curve  1). 

»/C-CH-tC1V“NC|H„-  HCl 

•  3 

C*HrN - N  (H) 

After  standing  for  24  hours,  the  same 
solution  (Fig.  1,  Curve  2)  gave  an 
absorption  spectrum  In  which  the  first 
band  was  shifted  60  A  toward  the 
shorter  wave  lengths  and  the  absorption 
minimum  following  the  second  band  was 
decreased  1.6  times.  1.5-Diphenyl -3- 
(3 -N-plperld inoe thyl) -pyrazoline  hyd ro- 
chloride  was  studied  in  dichloroethane. 

In  a  concentration  range  from  10"*  to 
5  *  lO'*  molar  (Fig.l,  Curve  3).  The  ' 
band  from  X  =  2420  A  and  c  =  12000 
was  more  pronounced  than  in  alcoholic 
solution  and  increased  in  intensity  1.3 
times. 

From  a  comparison  of  the  absorption 
spectra  (Table  1)  of  1.5-diphenyl-3-(fl-N- 
piperidinoethyl)-pyra7oline  in  alcohol 
and  in  dichloroethane  with  the  absorption 
spectrum  of  phenylhydrazine  in  alcohol 
(Fig.  1,  Curves  1,2,3  and  5).  it  can  be 
seen  that  the  second  band  of  the  pyra- 
zcline  derivative  corresponds  to  the 
second  band  of  phenylhydrazine  in 
position,  but  Its  maximum  in  dichloro¬ 
ethane  solution  is  more  intense.  As  far 
as  the  first  pyrazoline  derivative  band 
1$  concerned,  it  is  more  intense  than 
phenylhydrazine.  by  16  limes,  and 
considerably  wider.  It  is  possible  that 
this  band  is  complex. 


The  absoTjXiOn  spectrum  giver  nere  (Fig.  1.  Ctrve  4)  for  1  P!peridino-5-phep.yl-A*-penten-3-phenylhydrazone 
hydroesL-onde  (II!),  from  which  was  obtained  tbe  investigated  pyrazoline  derivative,  gave  indication  of  a  wide, 
intense  "band  in  a  10  *  -  10‘*  rrciar  alcoholic  solution,  which  may  be  related  to  the  hydrazone  structure  of  the 
unsaturaced  compound,  and  two  bands  correspor-dmg  to  the  pyrazoline  derivative  bands,  while  the  fust  band  is 
duplac*d  220  A  to  the  short  wa-ie  lengths,  a^nl  almost  merges  with  the  second  band,  defined  here  by  the  ’ 
bend  lai  the  curve. 
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CeH,-CH=CH-C-CHi-CH-NC,Htt*  HQ 
C.Hr-NH-N 


Thu  comp«riio0 
indicates  that  both  bandi 
of  the  pyrazollne  deriva¬ 
tive  are  already  present 
in  the  phenylhydrazone. 
and  consequently  are  nal 
the  result  of  pyrazollne 
ring  closure. 


Second  band 


Name 


1 .5-Dlpheny  l-3-(fl  -N-piperidunsethyl)- 
pyrazoline  hydrochloride  ta  aJioohol 
The  same  in  dichloroethane 
Phenylhydrazine  in  alcohol 
1-Plper  id  Ino -6-phe  nyl -zf-pcnceaHS- 
phenylhydrazone  in  alcohol! 


2SC00 

20000 

1600 


2473  !  9000 
2420  12000 
2410  I  9000 


l,5-Dlphcnyl-3- 
(6  -N-plperidinoethyl)- 
pyrazoline  hydrochloride 

in  alcoholic  solution,  from  2^- 10*^  to  2.5*  10"*  nnolat  plus  O.OIM  HCl  (Fig.  2,  Curve  3)  gave  a  curve  parallel  to 
the  alcoholic  curve  (Fig.  2.  Curve  1)  which  possessed 
band  maxima  at  X  =  2813  A  amd  c  =  2800.  and  at 
X  =  2515  A  and  e  =  14000.  T5ie  *ame  solution.  4*10"* 
molar  -s  0.01  M  HCl  (Fig.  2.  curve  2).  after  standing 
for  24  hours,  also  gave  two  banuU,  more  definitely 
separated,  but  the  first  band  sanDcwhat  decreased  and 
shifted  toward  the  longer  wa^  lengths:  the  second 
band  mwe  intense  and  shifted  (toward  the  shorter 
wave  lengths.  In  a  bMsolutIciB  -ci  HCl.  at  concen¬ 
trations  from  lO”*  to  5  •  lO”*  mtolar  (Fig.  2.  Curve  4). 
the  above-mentioned  pyrazolims  gave  an  absorptions 
similar  to  the  curve  in  the  presence  of  O.OIM  HO. 
but  shifted  somewtuu  to  the  Shczier  wave  lengths. 

1 .5-Diphenyl-3-(S -N-jnjcridinocthyll-pyra- 
zoline  hydrochloride  in  alcohoS.  from  10”*  to  10"* 
molar  ♦  lOM  NsCXT^Hj  (Fig.  3w  Curve  2)  gave  an 
absorption  curve  shifted  somewfcat  below  that  of 
the  alcoholic  curve,  to  the  longer  wave  lengths; 
the  firsthand  maximum  was  decreased  1.6  times. 

In  a  5*  10"*  molar  solution  ♦  1®  M  NaOCjHj,  after 
24  hours  standing  (Fig.  3.  Curve  3).  the  second  ab¬ 
sorption  band  was  decreased  to  intensity  to  c  -  5000 
at  X  =  2500  A  and  became  part-ally  oveilapping  with 
the  first  band.  Curve  4  (Fig.  3^  in  2W -sodium  alcc- 
holatc  was  somewhat  different  in:  ^pe  from  Curve  2 
(Fig.  3)  in  alcoholic  solution  ♦  lOM  NaOCjHj.  both 
bands  being  displaced  to  the  IcjT'.ecr  waves,  and  hav¬ 
ing  a  maximum  at  X  =  2825  A.  c  =  12  500  and  X  = 

2500  A.  c  =  7625.  while  the  absorption  minimum  be¬ 
low  the  second  band  was  increxiied  at  the  same  time. 

It  can  be  seen  from  Tab^e  2  that  the  general 
character  of  the  spectrum  In  alc  cibol  was  preserved, 
but  the  intensity  of  both  bands  iwas  considerably  changed 
under  the  effect  of  alcoholic  HCX.  increasing  at  first, 
and  then  with  a  decreased  inteoffiiiy  of  the  two  bands 
with  HCl  excess.  This  indicacei^  possibly,  entrance  of  same,  4 
the  Nyatom  (2)  of  the  pyrazoLuie  ring  into  reaction  ing;  3)  t 

with  HCl.  The  absorption  spectsiim  in  sodium  alcohol-  HCl:  4) 
ate  solutions  belongs  to  the  free  ibase.  1,5-diphenyl-  molar. 

3  ■(  6 -N-piper  id  inoe  t  hy  l)-pyr  azolane;. 
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Fig.  3.  1)  1.5-Oiphenyl-3-(6-N-plperidinoethyl)-* 
pyiazolme  hydrochloride  -ji  alcohol,  from  10"^ 
to  10“*  molar;  2)  the  same,  f^om  10'*  to  10*® 
molar  ♦  lOM  NaOCjHj:  3)  the  same.  5*  10*® 
molar  ♦  lOM  NaOCiH^.  after  24  hours  standing; 
4)  the  same,  in  2M  NaOCjH^.  from  4*  10“® 
molar. 

TABLE  2 


1.5-Diph<inyl-3-(B-N*piperidinoethyl)- 
pyrazoJ  ine  hydrochloride  in  alcohol 
The  $arr.e.  ♦  O.OIM  HCl 
The  same.  +0.01  M  HCl.  after  24  hours 
stand  i’.ig 

The  same  in  5M  HCl 
The  same.  ♦  lOM  NafX^tHs 
The  same.  ♦  lOM  NaOCiH,.  after  24 
hours  standing 
The  same,  in  2M  NaOCiH, 


Fig.  4.  1)  l'Phenyl-5*(2‘“n-butoxyphenyl)-3-(B-N-pi^pendin^ 
ethyl)  pyrazohne  hydrochloride  in  alcohol  from  10  *to  10  * 
molar;  2)  the  same.  5*  10**  molar,  after  24  hours  standing: 

3)  the  same  in  water.  5*  10**  molar:  4)  the  same,  in  hexane 
from  4*  10‘*  to  10'*  molar:  I>)  the  same.  In  dichloroethane. 

from  10  *  to  5- 10**;  6)  l-piperidino-5-(2'“n-butoxyphenyl)- 
A^-penten-S^henylhydrazone  hydrochloride  in  alcohol,  from 
10'^  to  10"*  molar. 

l-Phenyl-5-(2*>n-butoxyphenvl)‘3- 
(6  *N-p>  peridinoe  ihyl)-py  razohnehydro- 


_ — — I -  chloride  (IV).  This  was  studied  in  alcohol, 

■“) - - -  in  the  concentration  range  from  10  *  to 

I  I  10'*  molar.  (Fig.  4,  Curve  1),  and  the 

)  •  2473!  9000  same  solution  in  alcohol,  at  5*  10  *  molar 

)  2515  14000  (Fig.  4.  Curve  2),  did  not  change  after 

standing  24  hours;  Curve  3  (Fig.  4)  for 
)  2425  16000  the  same  pyrazoline  salt  in  water,  at 

)  2415  10000  5  •  10'*  molar  concentration,  showed  a 

)  2518  8000  decrease  in  the  Intensity  of  absorption 

maximum  by  about  1.6  times,  as  com- 
)  2560  5500  pared  with  the  alcoholic  curve.  1-Phenyl" 

)  2.560  7525  5-(2*-n-butoxyphenyl)-3-(B-N-plpei  idinoeihyl)* 
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pyrazoline  hydrochloride  also  formed  two  absorption  bands  when  studied  in  hexane  solution  at  4*10'*  molar 
concentration  (Fig.  4,  Curve  4),  and  in  dichloroethane  solution  from  10**  to  5*  10’*  molar  (Fig.  4,  Curve  5), 
but  the  first  band  in  dichloroethane.  as  compared  with  the  alcoholic  .rve,  is  shifted  40  A  uniu  toward  the* 
shorter  wave  lengths. 
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Fig.  5.  1)  1-Phenyl -5-<2*-n-butoxyphenyl)-3-<8'N-piper--  Fig.  6.  1)  l-Phenyl-5-(2’-n-butoxyphenyl)-3-(0-N-pipcri- 

idinoethyl)-pyrazoUne  hydrochloride  in  alcohol  from  dinoethyl)pyrazoline  hydrochloride  in  alcohol  from  10 

10"*  to  10'*  molar;  2)  the  same,  in  5M  alcoholic  HCl.  to  10"*  «nolar;  2)  the  same,  from  JO  *  to  5*  10  *  molar 

from  10”*  to  5*  10**  molar:  3)  the  same,  in  alcohol,  ♦  lOM  NaOC|Hj:  3)  the  same,  5*10  M  ♦  lOM  NaOC|H| 

from  5*  10’*  to  5- 10  *  ♦  0.  «1  M  HCl;  4)  the  same,  in  after  24  hours  standing;  4)  the  same,  in  2M  NaOC|l%. 

5M  Icoholic  HCl.  from  5*  10‘*M.  after  24  hours  sund-  from  5-  lO’*  M." 

ing. 

l-Piperidino-5-f2‘-a-butoxyphenyl)-A*-penten-3-phenylhydrazone  hydrochloride  (V).  in  alcohoj  from  10  *  to  10’* 
molar.  (Fig.  4,  Curye  6)  gives  tluee  absorption  bands  "*  a  hydrazone  bajid  maximum  at  X  =  3670  A  and  e  -  SOOOO  and 
the  following  two  bands  at  X  =  2820  A  and  c  =  30000  and  at  X  =  2580  A  and  e  =  40000.  Both  of  these  bands 


(V) 


0-C4H,V  ' 

c,h/ 

CH=CH-C-CH^-C>%“NC|Hn*  HCI 
C^H^-NH-N 

correspond  to  the  pyrazoUne  derivative,  but  the  fust  bai>d  differs  sharply  in  intensity  two-fold,  and  the  second 
band  four-fold.  Thus,  there  occurs  a  very  strong  absorption  in  the  rar,^  s  of  these  bands  under  the  influence  of 
the  2'*fi-butoxy  group  in  the  pheuylhydrazone  of  the  ketone.  Upon  closure  of  the  pyrazoline  ring,  the  absorp¬ 
tion  drops  and  becomes  even  lower  for  the  first  band  than  for  the  pyrazoline  derivative  without  the  butoxy 
group,  as  comparison  in  Table  3  indicates. 

A  comparison  of  the  butoxy  derivative  bands  in  various  solvents  indicated  a  considerable  sensitivity 
toward  solvents,  but  it  was  not  possible  to  establish  any  definite  relationship  to  the  solvent  polarities.  The 
absorpticn  spectrum  for  l-phenyl*5  -(2’-n-butoxyphenyl)*3-(8-N-piperidinoethyl)-pyrazoline  hydrochloride  in 
5M:alcoholic  hydrogen  chloride  solution,  from  10"*  to  5*  10"*  molar  concentrations  (Fig.  5,  Curve  2),  is  ex¬ 
pressed  by  a  curve  parallel  to  the  alcoholic,  shifting  from  one  side  to  the  other,  but  the  band  maxima  are 
shifted  about  100  A  units  toward  the  shorter  wave  lengths.  Curve  4  (Fig  5)  obtained  for  a  5M  olution  of 
hydrogen  chloride  after  24  hours  stand'Pg,  becomes  similar  to  the  curve  obtained  In  the  presence  of  0.01  M 
HCl,  except  that  the  minimum  between  the  bands  is  decreased. 

Upon  investigating  l-phenyl.-5-(2'*n  butoxyphenyl)^  (0-N-piperidinoethyl)-pyrazoline  hydrochloride 
from  10'  *  to  5*  10'*  molar,  in  alcohol  ♦  lOM  NaOCjHj  (Fig.  6,  Curve  2),  and  in  5.  lO”*  molar  solution  ♦ 
lOM  NaOCiHf  (Fig.  6,  Curve  3)  after  24  hours  standing,  it  was  found  that  the  curve  did  not  change,  but 
shifted  somewhat  toward  the  shorter  wave  lengths.  Curve  4  (Fig.  6)  for  a  solution  in  2M  sodium  alcoholate, 
5'  10~*  molar,  is  very  similar  to  Curve  3,  but  the  maximum  fot  the  second  band  is  decreased.  No  particular 
changes  were  found  upon  investigating  this  solution  after  24  hours  standing.  Upon  comparing  the  curves  in 
Fig.  6,  with  the  alcoholic  curve,  it  can  be  seen  that  the  sodium  alcoholate  effect  leads  to  a  weakening  of 
the  absorption  bands  and  shifts  them  somewhat  toward  the  shorter  wave  lengths. 


TABLE  3 


1 ,5-D  iphe  nyl -3-(  0 -N  pipe  rid  1  noe  thy  1) ' 
pyrazoline  hydrochloride  in  alcohol 
1  -Phenyl -5  -(2*-n-butoxyphenyl)-3-(0  -N-piper- 
idinoeihyl)-pyrazoline  hydrochloride  in  alcohol 
The  same,  in  water 
The  same,  in  hexane 
Tne  same,  in  dichloroethane 
l“?iperidine-6-(2’-n-butoxyphenyl)-A*-penien-3- 
phenylhydrazone  hydrochloride  in  alcohol 


>rdrazone  band  ■  First  band  i  Second  band 

I  I  *  * 

'  !  •  I  I 

'  ;  2825  ;  25000  !  2473  9000 


i  2805  ;  16000 ' 2440  10000 
i  i  2835  I  10000  j  2475  8000 

j  :  2865  !  ICOOO  ■  ^405  10000 

•  2765  ’  10000 ' 2468  10000 

I  : 

3670  I  50000  ,  2820  j  30000  j  2580(40000 


Evaluation  of  the  Spectrophotometric  Data 

Spectrophotometric  mvestigations  of  the  local  anestlietic,  l-phenyl-5-(2*-n-butoxyphenyl)-3-(0-N-piperi- 
dinoethyl) -pyrazoline  hydrochlor’de  (VI): 

0-C,H,n 


O- 


make  it  possible  to  offer  the  followmg  concept.  Salt  formation  should  proceed  at  the  nitrogen  of  the  more  basic 


piperidine  ring.  Due  to  saturation  of  a  portion  of  the  molecule.  Its  absorption  spectrum  is  not  reflected  in  that 
of  the  diphenylpyrazoline  derivative.  Since  both  bands  of  the  diphenylpyrazoline  derivative  are  present  In  the 
absorption  spectrum  of  the  phenylhydrazone  from  which  the  pyrazollne  derivative  is  obtained,  these  bands  there* 
fore  do  not  belong  to  the  pyrazollne  ring.  From  the  fact  that  the  second  band  in  the  l,5*dlphenylpyTazoltne  deri¬ 
vative  corresponds  quite  accurately  to  the  second  band  of  phenylhydrazine,  a  deduction  can  be  made  concerning 
the  contribution  of  the  phenylhydrazine  portion  to  the  diphenylpyrazoline  derivative  spectrum,  where  nitrogen 
atoms  1  and  2  interact  with  the  benzena  ring,  as  with  phenylhydrazine. 

The  first  band  of  1,5-diphenylpyrazoline  derivatives  differs  by  a  considerably  greater  intensity  from  that 
of  the  first  band  of  phenylhydrazine.  From  this  fact  its  participation  in  formation  of  the  second  phenyl  group 
also  follows.  With  substitution  in  the  5th  position  of  the  pyrazollne  ring.  Its  interaction  with  the  pyrazollne  ring 
and  the  N  atom  can  occur  only  through  the  gro.up  “CH“.  This  case  requires  an  additional  spectrophotometrlc 

investigation.  According  to  Levvy  and  Nisbet's  investigation  [10],  of  unsaturated  piperidinoketones.  from  which 
the  pyrazolines  were  prepared,  it  was  found  that  they  possess  a  local  anesthetizing  action,  but  are  highly  Irri¬ 
tating  [10],  The  phenylhydrazine  derivatives  also  possess  local  anesthetizing  action:  for  example,  antipyrlne 
and  tolupyrine  [11],  p-carbethoxyphenylhydrazine  CjHjOCOCjHaNHNi^  arc  good  anesthetics  [12]. 

In  view  of  this  fact,  two  atomic  groupings  in  the  molecule  of  the  pyrazollne  derivative  should  possess 
local-anesthetizing  properties:  the  first  corresponding  to  the  unsaturated  piperidiiMiketone  hydrochloride  salt 
with  2'-n-butoxyphenyl-(5)  in  the  piperidine  ring,  and  the  second,  corresponding  to  the  phenylhydrazine  struc¬ 
ture. 

The  high  local -anesthetizing  action  of  l-phenyl-6-(2*-n-butoxyphenyl)-3-l3-N-pipetidinoethyl)-pyrazoline 
hydrochloride  is  dependent  upon  a  combination  of  these  two  local-anesthetizing  groups. 

SUMMARY 

1.  The  synthesis  of  a  new,  hlghly-actlve  locai  anesthetic.  l-phenyl-6*<2'-fl-butoxyphenyl)-3-(3-N- 
pipeiidmoethyl)-pyrazollne  hydrochloride,  and  also  of  1.5-diphenyl-3-(fl-N-piperldlnocthyl)-pyrAzoline  hydro¬ 
chloride,  has  been  worked  out. 

2.  Their  absorption  spectra  have  been  investigated  in  alcohol,  hexane,  dichloroethane,  water,  in  alco¬ 
holic  solutions  of  hydrogen  chloride,  and  of  sodium  alcoholate,  and,  in  addition,  the  absorption  spectrum  for 
phenylhydrazine  in  alcohol. 

3.  By  a  spectrophotometric  Investigation,  three  strong  absorption  bands  for  the  phenylhydrazones,  and 
two  strong  bands  for  pyrazoline  have  been  determined;  thus  absorption  spectra  can  serve  for  their  differentia¬ 
tion,  which  frequently  is  difficult  to  do  chemically. 

4.  It  has  been  established  that  the  absorption  bands  for  the  in/estigated  pyrazoline  derivatives  are  not 
solely  dependent  upon  interaction  of  the  phenyl  radicals  with  the  nitro^^en  atoms  of  the  pyrazoline  ring. 

5.  A  theory  has  been  suggested  that  the  high  local-anest!‘etizing  action  of  l-phenyl-5-(2’-n-butoxy- 
phenyl)-3-(fi-N-piperidinoethyl)-pyrazoline  hydrochloride  is  conditioned  by  a  combination  of  two  groupings 

of  atoms  between  2*-n-batoxyphenyl-(5)  and  the  piperidine  ring,  and  a  part  of  whiclf  corresponds  to  the  phenyl¬ 
hydrazine  group  on  the  pyrazoline  ring, 
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CHEMICAL  STRUCTURE  AND  PARASITICIDAL  ACTIVITY 

XIL  DICHLOROISQMERIC  MESO-ALKYLAMINOALKYLAMINOACRIDINES 
AND  THEIR  ANTIMAURIAL  PROPERTIES 


A.  F.  Bekhll 


In  the  preceding  work  from  the  author's  laboratory  (1]  there  was  described  the  synthesis  for  a  series 
of  physiologically-active.  alkoxy-free  compounds  of  the  acridine  series,  which  showed,  upon  comparison 
with  their  alkoxyl  analogs,  activity. 

This  deduction  was  made  on  the  basis  of  a  comparison  of  the  properties  of  compounds  of  this  type: 
as  the  essence  of  the  present  work,  however,  is  the  significant  fact  that  6-chloD-^4’-diethylamino-l’-methyl— 

butyl) -am inoacridine  (methoxyl-free  atebrin)  (I)  is  almost  equal  to  atebrin  in  its  antimalarial  activity. 

« 

On  the  other  hand,  among  the  group  of  chloroisomeric  9-(4’-diethylamino-l*-methylbutyl)-amino- 
acridines  [2]  synthesized  by  the  author. Ichloro  9-(4'-diethylamino-l'*methylbutyl)*aminoaaldine  (II)  ex¬ 
ceeded  by  approximately  40<9I>  he  antimalarial  action  of  atebrin. 

In  1946  an  article  by  Spaulding  and  co-workers  [3]  appeared,  concerning  the  synthesis  of  3,6-dichloro- 
9-(4'‘diethylamlno*l'-methylbutyl)-aminoacridine  (HI).  which  possessed  an  antimalarial  action,  by  test 
with  P.  aallinaceum,  which  exceeded  that  of  atebrin. 


CH. 

J|H-C  H-(C  Ht),-N(C,  H,), 


FH-C  H-(C  H^,-N(C,  Hy, 


From  a  comparison  of  this  work  with  the  data  given  above,  it  seemed  expedient  to  the  author  to  syn¬ 
thesize  that  group  of  dichloroisomers  of  9'dialkylaminoalkylaminoacridines  wherein  one  chlorine  is  in  the  6“ 
position,  i.e.,  in  one  benzene  portion  *of  the  acridine  nucleus,  and  the  second  is  introduced  In  various  positions 
of  the  second  benzene  portion  of  the  acridine  nucleus.  From  a  knowledge  of  the  activity  of  methoxyl*free 
atebrin  (I)  which  contaLns  chlorine  in'the  O’ position,  it  is  possible  to  determine  how  the  introduction  of  a  sec¬ 
ond  halogen  will  affect  the  antimalarial  activity  of  the  corresponding  acridine  derivative.  Therefore,  the 
following  compounds  were  selected  for  synthesis; 

CH,  CH, 

NH-CH-<CH,),-N(C,H,),  NH-CH-tCH),-N(C,H,), 


Cl 


CH. 

NH-CH-tCHb),-N(C,H,)l 


(IV) 


It  should  be  mentioned  that  Spaulding  and  co-authors,  during  synthesis  of  3,6-<lichloro-9-(4*-dlethylamlno*l'- 
methylbutyl)-aminoacridine.  obtained  an  intertnedate  3.6.9-trichloroacridine  by  condensing  4-chloro-2- 
nitrobenzaldehyde  with  chlorobenzene,  with  subsequent  treatment  of  the  resulting  3.6-dlchloroacridone  by 
phosphorous  oxychloride.  The  American  authors  preferred  this  procedure  to  the  Uhllmann  reaction  from 
2,4-Jlchlorobenzoic  acid  and  rrxhloroaniline,  because  of  the  low  yield  of  3,5*-dichlorodlphenylamino-2** 
carboxylic  acid  (S.S^Jo)  which  was  simultaneously  obtained. 

The  authors  pointed  out  another  limitation  of  the  Uhllmann  co.'idensation,  namely,  that  they  fore¬ 
saw  the  task  of  separating  the  isomeric  trlchloroacridines  which  would  result  upon  treatment  of  3,5*-dlchloro- 
diphenylamine-2 '-carboxylic  acid  with  phosphorous  oxychloride  —ring  closure  occurring  in  the  o-  and  p- 
positions  with  regards  to  the  substituent  present  in  the  ring. 

Nevertheless,  the  author  decided  to  synthesize  the  selected  compounds  (III  IV)  by  the  method  which 
was  abandoned  by  the  American  authors  mentioned.  By  carrying  out  the  Uhllmann  reaction  in  an  aqueous 
medium  under  conditions  developed  by  the  author,  it  was  possible  to  increase  to  53^  (Spaulding  gave  S.8<^) 
the  yield  of  3.5'-dichlorodiphenylamino-2'<arboxylic  acid. 

The  resulting  acid,  upon  heating  with  phosphorous  oxychloride,  was  converted  into  a  mixture  of  the 
isomeric  1,6,9-  and  3,6.9-trichloroacridines,  Separation  of  the  isomers  was  effected  by  the  established  fact 
that  the  resulting  isomeric  trichloroacridines  vary  in  their  solubility  with  regard  to  alcoholic  ammonia.  It 
was  found  that  1.6.9-trichloroacridine  goes  into  solution,  while  3,6.9-trichloroacridine  remains  insoluble. 

It  was  noted  that  chlorine  in  oosition  9  of  both  1,6,9-  and  3,.6,9-trichloro-acridines  possesses  a  high 
mobility,  and  that  the  products,  upon  standing  even  for  brief  time  in  air,  will  convert  into  actidone,  the 
greatest  mobility  being  for  the  fiist  isomer. 

It  was  found  that  if  the  mixture  of  isomeric  trichloroacridines  was  not  separated,  and  then,  after  stand¬ 
ing  for  a  short  time  in  air,  condensed  with  a  side  chain,  that  a  considerable  quantity  of  acridone  was  then  iso¬ 
lated:  It  was  possible  to  isolate,  then,  as  the  condensat<on  product,  pure  3,6-dichloro-9(4'-diethylamino-l** 
methylbutyl)-aniinoacndine.  If  the  dichloroacridone  separated  during  the  reaction  is  converted  by  phosphorous 
oxychloride  into  the  trichloroacr.dme.  there  then  results  a  product  which,  according  to  its  melting  point,  cor¬ 
responds  to  1.6,9-trichloroacridi.'^,  This  example  illustrates  clearly  that  the  meso-halogen  in  1,6.9-trichloro- 
acridine  has  a  greater  mobility  than  in  3,6,9<rlchloroacridlne. 

The  separated  isomeric  trichloroacridines  were  condensed  with  l'diethylamino-4-aminopentane  in 
phenol,  and  there  were  separated  d:chloro-9-(4’ d'.ethyl3m*no-l’-methylbutyl)-aminoacridines  (III  and  IV),  in 
the  form  of  the  dihydroc  blondes,  with  melting  points,  respectively,  of  230-231*  and  183-184*.  From  dih>dro- 
chloride  (ilf)  the  base,  3,6<l:chloro-9-(4’-diethylamino-l’-methylbutyl)-aminoacridine  was  separated  in  the  crys¬ 
talline  form,  m.p.  81*. 

If  the  f'cshly-ptepated  isomeric  mixture  of  trichloroacridines  is  not  separated,  but,  instead,  immediately 
condensed  with  l-diethylamino-4-aminopentane,  then  an  isomeric  mixture  of  1,6-  and  3,6-dichloro-9-(4*-diethyl- 
amino-1  -methylbutyl)  aminoacr’dines  results,  the  dihydrochlonde  of  which  melts  at  210-212*. 

2,6*  and  4,e-dichloro-9 -(4' <l’ethylamino-l'-methylbuty])-aminoacridines  (V  and  VI)  were  obtained  .in  the 
usual  manner  by  condensing  the  corresponding  2,6,9-  and  4,6.9-trichloroacridines  with  l-dicthylamino-4-amino- 
pentane  m  phenol. 

The  indicated  trichloroacridines  were  prepared  by  ring  cl  osure  of  4.5*-  and  of  2,5*-dlchlorodiphenylamino-2 
carboxylic  acids  with  phosphorous  oxychloride.  The  isomeric  dichlorodiplicnylamlnocarboxylic  acids  were  obtainer 
by  condensing  2.4-dix:hlorobenzolc  acid  with  o-  and  p-chloroanUines.  The  dihydrochlonde  of  2,6-dlchloro-9-(4*- 
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dtethyl«mlno*r>fli«thylbutylene)-«mlnoacridlne.  «nd  the  conespcndlng  intermedate  products,  heve  been  des¬ 
cribed  by  O.  Yu.  Migldson,  A.M.  CrJgoroviky  end  E.  Galperin  14].  The  author  has  IsoUted  for  the  first  time 
the  base.  2.6*tllchloro-9-(4'-<llethylaroino-l'*methylbutyl)>aminoacridlne. 


-V.  I 


The  described  compounds,  in  the  form  of  their  bgdrechlorlde  salts,  were  tested  for  their  antlmalarial 
action  on  an  avian  malaria.  The  effectiveness  was  determined  with  regards  to  the  erythrocytic  stages  of  the 
parasite  during  PUsmodium  rellctum  blood  infection.  B  was  found  at  the  time  that  the  isomeric  mUture  of 
1,6-  and  3.6^1chloro-9“(4’-dlethylamlno-l’*mtthylbutyl)-*rainoacrldine  possessed  the  greatest  activity,  the  3. 
6-dlchlorolsomcr  a  greater  activity  than  that  of  atebrln,  the  2, 6-dicMoto isomer  active,  but  leu  so  than  atebrln, 
and  finally  the  4.6-dichlorolsomer,which  was  found  to  be  completely  inactive.  With  in  vivo  toxicity  studies 
on  mice,  the  3,6-  and  l,6‘<llchlorolsomers,  as  welt  as  the  isomeric  mixture,  were  found  to  be  leu  toxib  *h»q 
atebrln;  the  2.6-dichlotorsomer  was  found  to  be  more  toxic  than  atebrln. 


These  tens  were  carried  out  in  the  protozoological  division  of  the  institute  by  Prof.  Sh.  D.  Moshkovsky 
and  the  senior,  scientific  worker,  3A  Syrklna,  to  whom  the  author  expresses  his  appreciation. 


EXPERIMENTAL 

3.5- DichlorodiphenyUmino-2*-caiboxylic  Acid.  78  g  of  2.4-dichlorobenzoic  acid,  100  g  of  m'Chloro- 
aniline,  90  g  of  potash.  70  ml  of  water  and  1  g  oi*  copper  acetate  were  heated  at  the  boiling  point  for  21  hours 
(temperatiue  in  the  flask  was  llP-120*).  • 

After  removal  of  unieacted  ^hlotoanillne  (62  g)  by  steam  distillation,  the  residue  was  heated  with 
animal  charcoal,  filtered  and  acidified  with  hydrochloric  acid  to  a  neutral  reaction.  6L2  g.  <v  theory 
yield,  of  3,S*-dichlorodlphenylamlno-2''caiboxylic  acid  was  isolated:  after  recrystallization  from  aqueous  al* 
cohol,  the  acid  melted  at  196*  (Spaulding  indicated  196-198*).  Upon  acidification  of  the  filtrate  to  an  acid 
reaction.  26.S  g  of  2.4-dlchlorobenzolc  acid,  which  did  not  enter  into  reaction,  was  isolated. 

The  Mixture  of  1,6, 9- and  3.6.9-Trichloroacridlnes  audits  Separation.  30  g  of  3.3<dichlorodiphenyl<- 
amino*2'x:arboxylic  acid,  50  ml  of  chloroform  and  20  ml  of  phosphorous  oxychloride  were  heated  for  4  hours 
on  a  water  lath.  After  distilling  off  the  chloroform,  the  residue  was  poured  onto  ice,  treated  with  ammonia, 
futered  with  suction  and  washed  with  water.  30  g  of  crude  product  was  Isolated  (or  99^  of  theoretical  yield), 
which  represented  a  mixture  of  1,6,9- and  3.6,9-irxhloroacridines, 

The  rc^uitbig  mixture  of  isomers  was  heated  in  water-alcoholic  ammonia  (300  ml  of  alcohol  30  ml 
of  25^  ammoiua)  to  boiling  and  the  hot  solution  filtered  off;  the  3,6,9-trlchloroacndlne  remained  on  the  fil¬ 
ter  and  the  1,6,9-trlchloroacridlne  went  into  solution. 

16.4  g  of  3,6,9-trichloroacndine  resulted,  which,  after  aystallizatiop  from  heptane,  and  upon  immer¬ 
sion  of  the  capUlary  into  preheated  sulfuric  acid,  melted  at  220*  (Spaulding  gives  225*). 

After  addition  of  water  to  the  alcoholic-ammoniacal  f’.ltiare,  1.6.9-tilchloioacridinc  precipitated  (5.3  g), 
which,  after  crystallization  from  heptane,  melted  at  144-146*. 

8.-2G0  mg  substance:  0.382  ml  (21*.  756  mm).  9.071  mg  subsunce:  0.412  ml  (21*.  -756  mm). 

Found  N  5.32,  5.24.  C;,H*NC1|.  Calculated  N4.9b. 

1.6- Dich!o!'o-9-<4*-tliethylamino-r-methylbutvlWminoacTidtne.  To  a  melt,  consisting  of  15  g  of  phenol  . 
and  4.0  g  of  l-diethylaraino-4-aininopentane,  was  added  with  vigorous  stirring,  finely-ground  1,6,9-trichloro- 
acridine  (6.3  g),  while  heating  on  a  boiling  water  bath.  The  mixture  was  heated  for  1  hour,  and  was  then  poured 
Into  a  10<^  solution  of  caustic  v>da.  T1j«  separated  oil  was  washed  twice  with  water  and  dissolved  in  benzene,  and 
the  1,6-dichloroacridone  (0.7  g)  formed  during  the  reaction  was  filtered  off.  The  benzene  solution  was  dried  with 
potash.  After  removal  of  the  potash,  alcoholic  hydrochloric  acid  was  added  to  the  benzene  solution  to  a  Congo 
reaction.  The  hydrochloride  separated  as  an  oil,  which,  after  solution  in  absolute  alcohol  with  the  addition  of 
ether,  and  standing,  crystallized.  The  product  was  filtered  by  suction,  washed  with  acetone.  The  yield  was  3  g, 
m.p.  179-180*. 

1.6- Dlchloro-^4'-dietkylamlno-l*-methylbutyl)  amLnoacridinc  hydrochloride  crystallizeu  out  from  alcoholic- 

ether  mixture  in  the  form  of  fine,  yellow  prisms,  with  m.p.  183-184*. 

The  product  was  soluble  in  water  and  alcohol,  i’'4  -.^.t  dissolve  in  ether  or  acetone. 

I 
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0.1999  g  »ubit*ncc:  0.0081  g  1%0.  0.2566  g  lubsunce:  0.0095  g  1^0.  Found  HgO  4.05,  3.70. 
Cn^tT^Cli  •  2HC1*  1%0.  Calculated  ‘Jfc:  1^0  3.63  0.2415  g  lubstance:  0.1420  g  AgCl.  6.125  mg 
substance:  0.499  ml  (27*.  746  mm).  5.588  mg  substance:  0.460  ml  1^  (27*.  746  mm).  Found  % 
Cl(ionlc)  14.54;  N9.09.  9.19.  C,il^7N|Cl|- 2HC1.  Calculated‘S:  Cl  (ionic)  14.86;  N8.80. 

3.6>Dichloro-9-(4*‘dtethylamtno-l*-methvlbutyll-aminoacrtdine.  This  compound  resulted  from  3,6,9- 
trichloroacridine  (7.5  g)  and  l-diethylamino-4-aminopentane  (4.5  g)  in  phenol  (15  g).  by  a  procedure  identi¬ 
cal  with  that  described  above.  There  was  separated  from  the  reaction  mass  1.6  g  of  3,6-dichloroacrldone: 
3,6-dichloro-9^4*-diethylamino-l*-methylbutyl)-aminoacridine  dihydrochloride  resulted  in  the  form  of  a  yel¬ 
low  powder,  m.p.  230-231*  (Spaulding  gives  235*)  in  the  amount  of  3.2  g.  A  mixed  sample  with  the  1,6- 
dichloroisomer  gave  a  dei^ession.  melting  at  169*175*. 

The  product  wasSoluble  in  water  and  alcohol  but  did  not  dissolve  in  acetone  or  ether. 

Found  1^0  3.89.  C^HtiNjCl,*  2HC1- 1^0.  Calculated^:  HO  3.63.  Found'S'.  Cl  (ionic) 

14.58;  N  9.11,  8.99.  CaH7NsCl|’2HCl.  Calculated  <S:  Cl  (ionic)  14.86;  N  8.80. 

The  base,  3,6'^ichloro-9-(4*-dlethylamino-l'-methylbutyl)-iimlroacridine,  was  obtained  by  the  addi¬ 
tion  of  an  ammonia  solution  to  an  aqueous  solution  of  the  hydrochloride;  the  resulting  oil  crystalliaed  from 
aqueous  acetone,  mp.  81*. 

0.0772  g  substance:  0.0029  g  1^0.  0.1623  g  subsunce:  0.0072  g  KjO-  4.742  mg  substance:  0.412 
ml  N|  (22*,  744  mm).  4.441  mg  substance:  0.392  ml  H  (22*.  744  mm).  Found  <S5  H® 

N  9.84,  9.99.  CaHiNjCV  Calculated'S'.  HO 4.26;  N  9.95. 

Condensation  of  a  Mixture  of  1,6,9-  and  3.6.9-trichloroacrldine  with  l-Diethylamino-4-aminopentane. 
After  standing  for  some  time  (the  product  partially  hydrolyzing  the  acridone),  the  unseparated  mixture  of  iso¬ 
meric  trlchloroacridines  (6  g)  was  condensed  with  l-dlcthylamlno-4-amlnopentanc  (4.5  g)  in  phenol  (15  g)  by 
the  procedure  described  above.  3  g  of  acridone  was  separated  from  the  reaction  mau. 

1.5  g  of  the  condensation  product,  in  the  form  of  t'ne  hydrochloride,  with  m.p.  230*.  resulted,  a  mixed 
Sample  with  3,9'dichloro-9-(4'-diethylamlno-l’-methylbutyl)-amlnoacridine  of  which  did  not  give  a  depression 
in  melting  point.  From  the  hydrochloride  solution  a  base  was  separated  by  25S  ammonia  solution,  which  crys¬ 
tallized  from  aqueous  acetone;  m.p.  81-82*.  A  sample,  mixed  with  the  base,  3,9-dichloro-9-(4'-dlethylamlno- 
l’-methylbutyl)-amlnoacridlne,  did  not  give  depression. 

Hence,  it  may  be  considered  that  in  the  case  given  a  pure  product,  3,6,-dlchloto-9-(4'-dlethylaraino- 
l*-methylbutyl)-amlnoactidlne  was  obtained;  1,6.9-trlchloroacridlne,  a  more  unstable  product,  was  hydrolyzed 
to  acridone.  For  verification  of  this  assumption,  the  dichloroacridlne  separated  from  the  reaction  was  con¬ 
verted,  by  the  aid  of  phosphorous  oxychloride,  into  trichloroacridine,  which  had  an  m.p.  of  142*,  and  was 
found  to  be  identical  with  1,6.9-trichloroacridinr. 

Condensation  cfa  Freshly- He  pa  red  Isomeric  Mixture  of  1,6,9- and  3.6,9-Tttchloroacndines  with  1- 
llethylamlno-4-aminopentane  fill  and  IV).  The  isomeric  mixture  (51.2  g)  of  1,6,9-  and  3,6,9-trichloro- 
acridines  (recrystallized  from  benzene,  m.p,  190*)  was  added  to  the  melt  consisting  of  103  g  of  phenol  and 
28  g  of  l-diethylamino-4-aminopentane,  with  vigorous  stirring  and  with  heating  on  a  water  bath.  The  mix¬ 
ture  was  heated,  with  stirring,  for  an  additional  hour,  and  the  mass  then  poured  into  ID'S!)  caustic  soda  iMu- 
tion.  'The  viscous  oil  which  separated  was  washed  several  times  with  water,  the  water  poured  off,  and  the  oil 
dissolved  in  acetone.  The  acridone  formed  during  the  reaction  did  not  dissolve  in  acetone  and  was  filtered 
off. 

Alcoholic  hydrogen  chloride  was  added  to  the  acetone  solution,  and  the  hydrochloride  which  formed 
separated  out  first  as  an  oil,  which,  after  some  standing,  and  stirring  with  a  glass  rod,  crystallized,  "rhe  pro¬ 
duct  was  filtered  off  with  suction  and  was  washed  with  dry  acetone.  The  yield  of  crude  product  varied 
from  62  to  82'^  of  the  theoretical.  'The  dihydrochloride  of  the  isomeric  mixture  of  1,6-  and  3,6-dichloro-9- 
(4  -dicthylamlno-1  -methylbutyl)-aminoacridines  was  crystallized  from  aqueous  acetone,  dissolved  in  the 
minimal  volume  of  water  with  heating,  and  to  the  solution  was  then  added  animal  charcoal,  the  mixture 
filtered,  and  acetone  added  to  tfie  cooled  filtrate.  A  fme,  yellow,  crystalline  powder  resulted,  m.p.  210-212*. 

^5-Dichlorodiphenylamino-2 -carboxylic  acid.  160  g  of  2,4-dichlorobenzoic  acid,  200  g  of  o-chloro- 
anillnc.  185  g  of  poush.  145  ml  of  water  ?nd  2.26  g  of  copper  acetate  were  heated  on  an  oil  bath  at  140-150* 


for  28  hours.  After  removal  of  the  unreacted  o-chloroaniline  (146  g)  by  steam  dlstUlatton,  the  residue  was  heated 
with  animal  charcoal,  filtered,  and  acidified  with  hydrochloric  to  the  neuual  polw.  &1  g,  oi  21.6^  of  theoretical 
yield  of  2.5kllchlorodlphenylamlno-2*-carboxyllc  acid  was  Isolated. 

After  purification  by  reprecipitation  and  by  crystallization  from  aqueous  alcohol,  the  acid  melted  at  228- 

229*. 

6.625  mg  substance:  0.304  ml  Nj  (25*.  748  mm).  6.530  mg  substance:  0.333  ml  (24*.  748  mm). 

Found  <5t:  N5.17. 5.76.  q^p,NCl,. Calculated  ‘Jfc:  N  4.96. 

4,6, 9-Trichloroacridioe.  43,3  g  of  2.S'-dlchlorodlphenylamIno-2*-carboxyllc  acid.  95  ml  of  dichloro- 
eihane  and  40  ml  of  phosphorous  oxychloride  were  heated  for  4  hours  on  a  water  bath.  After  distUllng  off  the 
chloroform,  the  residue  was  poured  onto  alkalized  ice,  filtered  by  suction  and  washed  with  water.  The  product 
crystallized  from  benzene.  Cream-colored  prisms,  m.p.  177-178*.  weight  24  g.  Soluble  in  benzene,  alcohol; 
insoluble  in  water. 

7.623  mg  substance:  0.372  ml  N,  (28*.  739  mm).  7.520  mg  substance:  0.353  ml  (22*.  742  mmy. 

Found  <5^:  N  5.38.  5.30.  Cj,H,NCl,.  Calculated  <5t:  N4.95. 

4.6- Pichloro-9-(4*-dlethylamipo-l*-methylbutyl)-aminoacrldlne.  11.5  g  of  4.6.9-trichloroacridine  was 
condensed  with  6.3  g  of  l-diethylamino-4-amlnopentane  In  phenol  (25  g)  with  heating  on  a  water  bath.  The 
condensation  product  was  poured  into  a  solution  of  10^  alkali,  the  separated  oil  washed  several  times  with  water, 
and  then  dissolved  in  acetone.  To  the  dried  acetone  solution  of  base,  alcoholic  hydrogen  chloride  was  added  to 
an  acidCongo  reaction.  The  oil  which  separated  on  standing  soli.iified.  The  product  was  recrystallized  from  a 
mixture  of  alcohol  and  acetone.  Fine  yellow  crystalline  powder,  n’.p.  194*.  Yield  of  pure  i^oduct  was  7.3  g. 

Thedhydochloride  was  readily  soluble  in  water  and  alcohol,  insoluble  in  acetone  and  ether. 

0.2009  g  substance:  0.0080  g  HjO.  0.2022  g  substance:  0.1159  gAgCl.  Found  <J5»:  1^0  3.98: 

Cl  (Ionic)  14. 18.  CaH,7N,Cl,-2HCl- H,0.  Calculated  <7o:  i^O  3.68;  O  (ionic)  14.32.  8.640  mg 

substance.  0.666  ml  (26*,  748  mm).  6.599  mg  substance:  0.540  ml  (2C*,  748  mm).  Found 

%:  N  8.66,  9.19.  C^Hj^NjCl,- 2HC1.  Calculated^:  N8.80. 

The  base,  4,6-dichloro-9-(4’-diethylau'.lno-l'-methylbutyl)-aminoacridine  was  obtained  by  treatment  of  an 
aqueous  solution  of  the  dihydrochloride  with  ammonia,  the  separated  oil  crystallizing  after  standing,  and  after 
recrystallization  from  aqueous  acetone,  yellow  plates,  m.p.  67-68*  resulted.  The  compound  was  soluble  in  a 
majority  of  the  organic  solvents,  and  contained  water  of  crystallization  which  was  removed  either  by  heating 
with  phosphorous  pentoxide  at  50*.  or  by  prolonged  standing  in  a  desiccator,  whereupon  the  crystalline  product 
converted  to  an  oil. 

9.141  mg  substance:  0.784  ml  N|  (23*.  741  mm).  7.784  mg  substance:  0.686  ml  (25*.  743  mm). 

0.1588  g  substance:  0.0071  g  H|0.  Found  fo:  N  9,64,  9.86;  HjO  4,47.  C^tHuNjCli*  1^0.  Calculated 

<79:  N  9.95;  H,0  4.26. 

4,;>-Dich!orodiphenylamLno-2 '-carboxylic  acid  and  2.6, 9-trichloroacridine  were  obtained  oy  the  method 
described  by  O.  Yu.  Magidson  and  coworkers  [4]. 

2.6- Pichloro-9-(4'-diethylamino-l  '-methylbutyl)-aininoacridine.  15.3  g  of  3,6,9-trichloroacrldlne  was 
condensed  with  5,5  g  of  l-diethylamino-4-aminopentane  in  phenol  medium  (30  g)  by  the  method  described  above. 

4.4  g  of  2, 6-dichloro-9-(4'-diethylamino-l’-methylbutyl)-aminoacridine  dihydrochloride  separated.  The 
product  crystallized  from  aqueous  acetone  in  the  form  of  tetrahedral  plates,  which  softened  at  190  and  melted 
at  226*. 

0,2370  g  substance:  O.CllO  g  H,0.  0.2012  g  substance:  0.00  96  g  H,0.  7.445  mg  substance:  0.539  ml 

N,  (26*,  749  mm),  7.325  mg  subsunce:  0.549  ml  Nf  (26*.  747  mm).  Found  <7»:  11,0  4.64.  4.77: 

N  8.14,  8.40.  C,,H,7N,Cl,*2HCr  1.25  i^O,  Calculated  *7):  i^O  4.50  N  8.40.  0.2260  g  substance: 

O. 1352  gAgCl  0  1859  g  substance:  0.1101  g  AgCl.  5.682  mg  substance:  0.451  ml  1^  (22*.  757  mm). 

Found  *7,:  Cl  (ionic)  14.80.  14.65:  N  9.14.  C„H„N,C1,- 2HC1.  Calculated  <7.:  Cl  (ionic)  14.86;  N  8.80. 

The  base.  2.6-dichloro-9'(4'-diethylamino-l'-methylbutyl)-aminoacridine  was  obtained  by  treatment  of 
an  aqueous  solution  of  the  hydrochloride  with  alkali.  The  product  crystallized  from  aqueous  acetone  in  yellow 
plates,  m.p.  78-79*. 
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!t  dissolved  ttc  a  majority  of  the  organic  solvents,  but  was  insoluble  In  water. 

0.1264  g  substance:  0.0068  g  H,0.  6.177  mg  substance:  0.549  ml  (21*,  756  mm).  6.145  mg  sub¬ 
stance:  0.530  rnl  1^  (21*,  756  mm).  Found  <55>:  H|0  5.38;  N  10.26,  9.96.  C|]1%7N|C1|*  1.25*  H|0. 

Calculated  5.27:  N  9.84. 

SUMMARY 

1.  2,5*-.  3.5*-  and  4,5'-dichlorodiphenylamlno-<?-carboxylic  acids  have  been  obuined  by  condensing 
2.4-dichlorobcnzou:  acid  with  o-,  m-  and  pohloroanilires.  3,5’-Dichlorodiphcnylamino*2’*carboxyllc  acid 
was  obtained  in  53^  y;eld  of  theory. 

2.  By  the  mnesactlon  of  3,5-dlchlorodiphenylamlno-2*-carboxylic  acid  with  phosphorous  oxychloride, 
there  has  been  obtaited  a  mixture  of  the  isomeric  1,6,9-  and  3.6.9-trichloroacridines,  which  have  been  sep¬ 
arated  or.  the  basis  ctf  tbeir  differential  solubility  in  aqueous-alcoholic  ammonia:  the  remaining  isomeric  trl- 
chloroacridines,  2.£.'9-  and  4,6,9-,  have  been  obtaired  by  heating  4,5'-  and  2,5'-dichlorodiphenylamino*2*- 
carboxylic  acids  w.rfh  phosphorous  oxychloride. 

3.  1,6-,  2.ff>-.  3.6- ard  4,6'dlchloro-9-(4'-dlethylamlno-l*-m8thylbutyl)-aminoacridines,  and  mixture 
of  isomers  .  LG-and  3,6- dlchloro-9-(4*-dlethylamir:o-r-methylbutyl)-am!noacridines.  have  been  synthe¬ 
sized  by  c<»idensacu9*:  of  the  corresponding  trichloroacridlnes  with  l-diethylamino-4-aminopentane. 

4.  The  resulbc’ig  dichlorolsomers  of  9-(4’-diethylamino-l*-methylbutyl)-aminoacridlne,  in  the  form 
of  their  hydrochloride  salts,  have  been  biologically  tested  with  Plasmodium  rellctum. 

According  fu»  tne  data  of  Prof.  Sh.  D.  Moshkovsky  and  senior  scientific  -worker,  S.A.  Syrkina,  the 
preparations  have  shc^m  the  following  activities.  The  isomeric  mixture  of  1,6-  and  3,6-dichloro-9-(4*-dlethyl- 
amino-l’-methylbuC2iI)-amlr.oacridines  and  the  3,6-dichloroisoraer,  possess  the  highest  activities,  exceeding 
that  of  atebrin;  the  1,  ■5-dichlorol$omcr  is  approximately  equal  to  th^t  of  atebrin.  the  activity  of  the  2,6-dichlo- 
rolsomer  is  less  than  aiie  activity  of  atebrin,  and  the  4,6-dichloroisomerppssE5es  no  antimalarial  activity. 
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In  the  preceding  article  [1]  the  author!  demonstrated  that  it  was  possible  tc  synthesize  the  N-acylainino 
derivative  of  diketopiperazine  by  protecting  the  amino  group  of  the  amino  acid  through  the  acyl  derivative!. 
Abderhalden  [2]  was  the  first  to  express  his  thought  on  the  matter  of  a  possible  linkage  of  diketopiperazine  with 
amino  acids  through  nitrogen  of  the  first.  During  the  last  25  years  of  his  life,  he  tried  unsuccessfully  to  cany 
out  this  reaction.  Apparently,  his  failures  in  this  work  forced  him  to  renounce  the  diketopiperazine  theory  (3J. 
In  the  present  work  the  authors  describe  the  synthesis  of  free  N.N’-dlglycyldiketopiperazlne  (I),  iu  HCl  salt  (11), 
its  carbobenzoxyderivatlve  (III),  and  the  carbobenzaxy  derivative  of  N,N'-dlglycylalanine  (IV); 
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Tb^se  experiments  make  it  possible  to  consider  that 
H  ”  N,N'-amino  acid  derivatives  of  diketopiperazine  ate  easy  to 

synthesize,  and  by  tiiC  modern  Bergmann  method  [4]  can  be 
I  elongatedtoformapepiidechaln,buttheyglveabluretre- 

^OCH,N-COCHN“OCOCI^C,H,  because  of  asymmetric  cleavage  of  the  ring.  The 

H  k  authors  doubt  that  these  derivatives  play  an  important  role  in 

the  structure  of  the  protein  fvotoacid  (S.  S.  Perov  (51),  but  it 
\  is  possible  that  this  linkage  acts  as  a  prosthetic  group  of  the 

protein  (S,  S.  Perov  anticomplex).  The  authors  have  studied  further  both  the  synthesis  of  these  linkages  and 
the  properties  of  model  structures.  It  is  not  excluded  that  the  complexity  of  the  molecule  approximates  the 
properties  of  a  peptone  structure  (molecular  structure,  Fodor  acropeptide). 

In  our  model,  the  synthesis  of  which  we  are  carrying  out  at  the  present  time,  2  diketopiperazines  are 
linked  with  two  tripeptides.  At  the  moment,  in  N,N’-dlglycyldiketopiperazinc,  the  authors  have  realized  a 
construction  model  of  such  structure,  very  easy  to  synthesize  (Scheme  1,  A): 
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This  compound  shows  that  derivatives  of  N.N’-substituted  diketopipeaazxne  have  free  rotation  and  may  fo 
bridges  between  the  diketopiperazines.  This  property  makes  certain  the  faca  that  the  authors’  molecular  sUucture 
(2  hexapeptides  linked  to  2  dihydropiperazines)  (  vide  Scheme  2),  and  the  anolecular  structure  on  the  basis  of 
Levine's  hypothesis  [6],  discussed  elsewhere  by  the  authors  and  based  upon;  l}v,N  -lacylamlnodiketopiperazine  conve 
sions,  will  be  shortly  carried  out  (vide  Scheme  3). 
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Scheme  3 
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In  the  present  serres.  the  authors'  works  have  experimentally  establishcid  iwo  possible  linkages  for  diketo- 
pipetaznes  and  amiro  acids:  1)  amidine.  and  2)  N-acylamine  (Vide  Scheme-  9),  which,  by  the  same  fact 
completely  eliminares  the  possibility  for  existence  of  dead  polypeptide  striictuires  of  protein*.  M.  L  Plckhan's 

works  [7]  which  determined  the  tripeptide  structure  of  the  peptide  portion  of  pnotejn  further  confirms  the  authors* 
assertions. 


Beyond  the  tripeptides. 
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Scheme  4 
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EXPERIMENTAL 

Ac^laUon  of  d  jk^topiperazine  by  N-carboglycincaldehyde-  1.1  g  of  N-carbogl^ycineaniswdnde,  synthenzed 
According  to  Leuchs  [8],  was  ground  in  a  mortar  with  0.62  gof  diketopiperazine.  20  miloof  dry  xv^eoe  was  added 
and  heated  In.  Wood  s  metal  to  the  cessation  of  CO|  evolution  (absorbant  “a  solution  of fcbaryta  waiet).  The 
precipitate  was  filtered  and  washed  on  the  filter  with  cold  water,  A  portion  of  the  precitpitate  disolved.  The 
undissolved  i^rtion,  with  r>egative  anhydride  and  ninhydrin  reactions,  gave  a  biuret  reacetion  of  rry  tripeptide 
type  (upo.n  standing'  with  alkali).  The  aqueous  filtrate  from  the  precipitate  was  evaporatc^^d  to  dryztess  in  vacuo 
with  heat.  By  reactions  (dipeptide  biuret  and  anhydride),  the  resulting  substance  was  foaund  to  be  diketopiperazine. 

Tlie  precipitate,  giving  a  tripeptide  biuret  reaction,  represented  a  glycine  polymer  of  umknown.  scmctoie. 

Upon  repeating  thrs  experiment,  pieliminary  heating  of  diketopiperazine  «nth  N'trcaiboglycineanhydride  was 
carried  out  on  a  water  bath  (boiling):  here,  no  evolution  of  CO|  occurred.  However,  anr.imcrease  m  temperature 
(heating  in  Woods  metal  at  142*)  caused  reaction,  and  strong  CCj  evolution  occurred.  Rrn»n:  this  «3;periment.  as 
well  as  from  the  above  described,  diketopiperazine  and  glycine  polymer  were  isolated:. 

Thus  the  attempt  directly  to-  aminoacylate  diketopiperazine,  for  the  purpose  of  obfataniins  £rre  N.N*-amino- 
acyldiketopiperazine,  failed.  The  desire  to  synthesize  free  NN'-diglycyldiketopiperazins  led  the  auttxHS  to  consider 
a  different  procedure.  Having  abandoned  the  attempt  to  synthesize  this  compound  diiecrtiy.  the  xnhort  utiTized  its 
earliernsynthesized  derivatives.  Amor^g  the  literature  methods  for  removal  of  acyl  giobrps  .in  amnw  acid  ierivatives 
(peptides),  the  most  appropriate  was  found  to  be  ellmLnation  of  the  phthalyl  sibstituem:w>mh  tbe  aid  of  hydrazine 
hydrate,  which  the  authors  therefore  used. 

2.  The  interaction  of  1.4-  diphthaiylgIycyi-2.5-diketopiperazine  with  hydrazine  hhvdrate,  Hn  absolute  alcohol 
medium,  a)  0.25g  (0.0-2  mol^of  hydrazine  hydrate  and  30  ml  of  absolute  ether  was  addeed  to  1.22  gof  N,N*-dip{ithalyl- 
glycyldiketopiperazine.  The  solution  was  shaken  for  1  hour  on  a  rocker.  The  resultic!*; ipeeciTtca:*  was  filtered  off 
and  washed  on  the  filter  with  alcohol.  The  precipitate  and  the  filtrate  were  analyzed  secparatdy.  Cpon  sundiag. 
a  precipitate  separated  from  the  alcoholic  filtrate  which  was  filtered  off  and  washed  wttthfiAc^.  The  substance 
was. recrystallized  from  boiling  50*511  alcohol.  The  resulting  precipitate  did  fx>t  give  the:  janhydridie  and  ninhydrin 
reactions,  did  not  melt  above  340*.  and  was  fou’-d  to  be  the  phthalylhydrazide. 

2.405  mg  substance:  0.372  ml  N,  (25*.  730  mm).  2.285  mg  substarKC.  0.365  (25*.  230  mm). 

Found  *5^,:  N  17.1,  17.2.  C^M.OjN,.  Calculated  f]o:  N  17.28. 

Precipitate.  This  was  treated  v’.th  aqueous  alcohol.  Upon  standing  at  rocm  terrmperatime.  crystals  separated 
out  from  the  filtrate,  which  were  filtered  off  and  washed  with  alcohol  and  ether,  uriedi  .m  vactu7  0ver  P^O^.  The 
melting  point  by  rapid  heating  (on  a  thermometer)  was  245*;  upon  slow  heating  in  a  seaiied  capdlary,  the  substance 
decomposed  at  220*.  insoluble  in  water,  gave  the  anhydride  (by  the  usual  procedure)  amd  the  nuLhydnn  reactions 
with  5*mlnuie  hcatirg  reactions.  Crystalline  form  under  the  microscope —wel’-formed  rrectac^ies. 

3.055  mg  substance:  2.208  ml  0.2  N  solution  KH(lO,)2.  3  ^<30  ml  substziKe  2L.£24  ml  C'.2  N  solution  Kt^lOa)!* 

Found  *7-,;  N  20.25.  20. 12. 

b)  1.22  g  of  N.N'-diphthalylglycyldiketopiperazine  was  mixed  wiih0.5g(0.04=ncbte)  of  hydrazine  hydrate  in 
30  ml  of  absolute  alcohol.  The  solution  was  shaken  on  a  rocker  for  5  hours.  After  cornrpic^iott  reaction,  tbe 

alcoholic  filtrate,  basic  to  litmus,  was  separated  from  the  filtrate  and  washed  with  alcniinl  (to  a  iDeutral  reactioo 
in  the  alcoholic  filtrate). 

Investigation  of  the  alcoholic  filtrate.  Duii'^g  the  concentration,  a  substance  serparaied  w^iicb  wa^ 
recrystallized  from  50<5t  alcohol.  Its  complete  analysis  was  earned  out. 


NH 

f^Cj  C=NCl^CO.  .  .  .j. 

. OCl^CN=C*^^|^ 

NH 


3.602  mg  subsurce:  0.552  ml  (23*.  744  raraT*.  7.605  mg  substance:  1,067  ml  (21*.  748  mm). 

3.165  mg  substance;  6.87S  rag  CO|:  1,065  mg  3i00  mg  substance:  6.733  mg  CQ|:  0.970  mg 

1^0.  Four<!  N  17.30.  17.40:  C  59.31, *59.27;  M 3.76.  3.50.  C,HA^  Calculated  N  17.28; 

C  59.26:  H  3.70. 

From  analysis  and  properties,  the  subsiaxe  Isola’ad  re  presented  phthalylb>drazide. 

Dry  hydrogen  chloride  was  passed  through  the  alcmholic  filtrate  from  the  phthalylhydrazide  of  the  basic 
reaction.  The  resultrg  precipiiare  was  fil^red  off  and  swashed  with  alcohol.  Xl.p.  198*.  By  the  properties 
(insoluble  hialcotsf,  readily  wluble  *3  water,  redoing  ca^pper  during  the  biuret  reaction,  positive  nirhydrln 
reaction)  and  by  the  melting  point,  the  substance  was  foiund  to  be  the  hydrazine  hydrochloride. 

Petermlratlor.  of  amino  nioogen  according  to  SonpHson-Cavrilov.  0,0960  g  of  the  substance:  9.3  ml 
of  0.2  N  NaOH  (rcspechyely.  17.88  ml  of  0.1  N  H,SO^  Fcuind  N  26.67.  HfhtCla.  CalcuUted  N  26.66. 

Ttizatlo’''  ;>gc-ydLng  to  Willr-arer.  0.08 S4  g  of  the  substa~xe:  16.25  ml  of  0.1  N  alcoholic  NaOH 
(respectively.  16.97  ml  of  0.1  N  HjSOj.  Fourd  V  N  2i5JvS.  .  Calculated  %  N  26.66. 

Treatment  of  the  precipitate.  The  precipitate  v«s  treated  on  a  filter  at  room  temperature  with  50^ 
alcohol.  Here  a  small  pert'^a  of  the  precipitate  was  undiraolved  (la  it  were  crysuis  of  the  initial  substance). 
From  the  water-afoial  f.itra%.  upet  fta'dLng  for  24  hours„  a  substance  separated  which  was  filtered  off  and 
washed  repeatedly  w.t!)  wa*e;  (because  of  possible  presence  of  dlXeto piperazine)  and  then  with  alcohol.  Under 
the  microscope,  this  subtarxe  repicverted  very  active  crystnals  in  polarized  light,  in  the  form  of  rectangular 
plates.  M.P.  about  220*.  w.th  decomposition.  The  aihydrjde  reaction  was  positive.  Ac  ninhydrin:  positive, 
on  prolonged  heat'-g.  A  complete  analysis  was  canied  cun. 

1.830  mg  substance:  0.007  ml  (23*.  748  mra).  lL-445  mg  subsunce:  0.258  ml  (23*.  748  ram). 

3.010  mg  substaicc:  5,760  mg  CO|;  1.277  mg  HjOL  3,030  mg  substance:  5.795  mg  CP|;  1.277  mg  F^O 

Found  N  20.32.  20.36;  C  52.23.  52.19:  H  4.2T.  4:25.  CalcuUted  N  20.29;  C  52.17; 

H4.35. 

The  substance  isoiared  did  not  give  depressjon  wife  oane  obtaLned  from  experiment  "a*. 

All  aqueous  f  Jtra’es  and  water-aicohol  filtrates  wax  i:oncco!iated  to  dryness  In  vacuo.  The  it;>idue 
remainirg  was  found  to  be  diketopiperazine.  Thu*,  durmg  course  of  this  reaction  the  authors  separated 
phihalide  «  an  intermediate  compound,  of  peculiar  hydrazTi^neamidine  structure,  and  also  phthalylhydrazide 
and  dxketopiperazipc  as  'ir,al  prodacts.  The  separation  of  these  substances  confirms  Ae  proposed  structure  (V) 
and  permits  an  assumption  as  to  Its  deco.Ti position,  as  per  Ae  following  scheme: 


NCOCHjN  c, 

OH 


CO“Nri 


NCOCHjNl 


I  ^ 

CO-NH 


2NH,Cl^COOH 


NH\ 


% 

'^OH 


To  confirm  tne  ar curacy  of  the  propcsed  structure  for  tie  above-given  compeund.  the  authors  ananged 
the  following  reactions. 

"ydraz?de  of  N.  V  ■diphAalylglycvid.^ketoptperazine  viA  absolute  alcohoL  0.8  g  of  Ae 
y  .a  e  of  N.N  -d^phtr  alyiglycyldiketopperazrre,  ebtamed  trom  tne  preceding  experiment,  was  placed  A  a 
wit  a  reflux  condc  a^’d  25  ml  of  absolute  alcohol  added.  Upon  beating  to  boiling  for  one  hour,  a 

vh-xh  was  filtered  o?f  after  coOi^.-g  atd  w.-ashed  w.th  alcohol.  The  substance  isolated  was 
o  u  c  eit  r  water  ot  alcohol,  but  was  recrystallized  fraim  boiling  50<5t  alcohol.  M.p.  340*.  From  lu 
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propertici.  it  appeared  to  be  the  phihalylbydrazide.  To  the  alcoholic  filtrate  with  a  basic  reaction  after  concentra¬ 
tion  in  vacuo,  there  was  added  absolute  alcohol.  The  resulting  substance  was  filtered  off.  with  protection  against 
moisture  of  the  air  (through  a  calcium  chloride  tube),  was  washed  with  absolute  alcohol,  aod  dried  over  PjOj.  The 
substance  melted  at  200*  with  decomposition  in  a  sealed  capillary,  and  was  readily-soluble  in  water,  alcohol; 
poony  so  in  ether.  It  gave  the  anhydride  reaction  and  the  ninhydrin  reaction,  as  wcH  as  a  biuret  reaction  of 
the  tripeptlde  type,  and  represented  N.N’-dfglycyldiketopiperazlne  (I). 

3,180  mg  substance:  0.662  ml  (23*,  743  mm'.  3.075  mg  substance:  4.T70  mg  CO|;  1.660  mg  1^0. 

3,020  mg  substance:  4.700  mg  CO,.  1.550  mg  1^0.  3.020  mg  substance:  4.655  mg  COj;  1.695  mg  1V>. 

Found  <fo'.  N  23.94:  C  42.30,  42.40,  42.30;  H  5.04,  5.75.  6.20;  C,Hn04N*.  Calculated  N  24.5;  C  42.10; 

H  5.26. 

Analysis  of  this  substance  clearly  indicated  its  hygroscopic ity. 

4.  lonophoresis  of  N,  N'-diphthalylglycyldiketopiperazine  hydrazide.  0.5  g  of  ftc  substance  war  dissolved  in 
aqueous  alcohol  and  subjected  for  48  hours  to  lonophoresis,  the  cathode  solution  being  changed  after  24  hou>.  After 
24  hours  the  cathodic  solution  was  basic,  the  anodic  acid.  The  Intermediie.  portico  was  oeuual.  After  48  hours 
the  intermediie  r..rtion  and  the  anodic  portson  were  completely  neutral,  rieactioas:  in  the  first  24  hours  of 
ionophoresis;  a)  positive  ninhydrin  and  arh>xlr:de  reactions  in  the  cathode  solution;  b)  negaUve  ninhydrin  and 
positive  anhydride  reactions  in  the  middle  portion;  c)  complete  absence  of  any  substance  in  the  anode  solution. 

Analysis  of  the  cathode  solution  in  the  second  24  hours  of  ionophoresis.  The  cathode  solution  was  basic. 

The  ninhydrin  and  anhydride  reactions  were  positive.  Under  the  micrcecope.  a  drop  of  the  solution  after  evaporation 
showed  the  presence  of  diketoplpeazlne.  Upon  dilution  of  the  middle  portion  with  wtcr.  a  precipitate  separated, 
which  was  filtered  off  and  washed  with  water.  3y  analysis  the  substance  represented  phthalybydr azide. 

5.  Elimination  of  the  phthalyl  group  in  N.hr-diphthalylglycyldiketopiperazine  {?!.  The  suspension, 
containing  2.44  g  (0.005  mole)  of  N.N’-diphthalylglycyldikctopipcrazine  and  10  ml  of  1  molar  alcoholic  hydrazine 
hydrate  solution  in  30  ml  of  absolute  alcohoL  was  heated  under  reflux  for  1  hour.  After  cooling  to  room 
temperature,  the  precipitate  was  filtered  off  and  washed  %ath  absolute  alcbhol. 

Analysis  of  the  precipitate:  did  not  give  the  biuret  test,  but  during  the  coerse.  copper  reduction  occurred. 
There  should  have  resulted  1.62  g  of  phthalylhydrazide  from  this  reaction,  by  theoccncal  removal  of  the  phthalyl 
group,  but  instead,  2.0  g  resulted.  The  precipitate  was  therefore  treated  with  5C^  alcohol,  having  placed  it  on 
a  Buchner  funnel.  A  negligible  portion  of  the  precipitate  remained  insoluble,  and  from  its  properties,  represented 
the  initial  N.N’-diphihalylglycyldiketopiperazine  (weight  0.45  g).  Upon  cooling  arid  cotxentrating  the  water-alcohol 
solution,  there  was  separated  in  all,  1.25  g  of  phthalylhydrazide  (1.32  g  according  to  tbeocy)  which  corresponded 
quantitatively  to  the  removal  of  the  phtialyl  group. 

Analysis  of  the  alcoholic  filtrate.  Totlie  filtrate,  which  gave  a  basic  reaction,  absolute  ether  was  added 
and  dry  hydrogen  chloride  passed  through  to  a  weak  acid  reaction.  The  resulting  precipitate  was  filtered  off  (with 
protection  from  moisture  of  the  air)  and  was  washed  with  absolute  ether.  The  weight  of  dried  precipitate  was  0.8  g. 
which  constituted  a  66^  yield,  calculating  on  the  basis  of  N. N'-diglycyldiketcpiperazinc  cichloride.  It  gave  the 
ninhydrin  and  anhydride  reactions,  the  biuret  reaction  being  of  the  tripeptide  type.  It  melted  above  200  .  with 
decomposition,  and  represented  N,N'-diglycyldiketopiperazine  dihydrochloride  (O). 

Titration  according  to  Sorenson-Oavrilov.  0.0TS2  g  of  the  substance:  2.4  ml  of  0.2  N  NaOH  (respectively, 
4.68  ml  of  0.1  N  H,S04).  Found  NH,  S.5o.  C.UmO^N^CIi.  Calculated  %  N  18.6:  NF%  9.3. 

Titration  according  to  Willstatter.  0,C»4t'.7g  of  the  substance:  2.9  ml  of  O.IN  alcoholic  NaOH  (respectively. 
2.9  ml  of  0.1  N  HjSO^).  Found  NH,  8.S7.  Calculated  %  Ni%  9.3. 

6.  Interaction  cf  N, N'-diglycyldiketopirsifazir.e  (I)  with  carbobenzoxychlc.^i^ 


NCOC^NH 

/ 


1^0;  .CO 


♦  2c,H,ci^ocoa 


NCOC  N-OCOC  l^c,l% 
H.C/  .1 


Ci^ 
iQCOCl^NH 

(I) 


oc 


NCOCF%N-OCOC  1^0,1% 


(UO 
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0  3  g  of  N.N’--J*glycyld:kctcplperaainc  was  <lissof*««  in  10  ml  cl  water.  MmuuancouJiy,  g 
excess)  of  carbobenzoxycPlorHie  n  ether  ji-uJ  0. 1  g  of  scd*  n  10  ml  of  water  xeieaddcd.  dropwlse.  with  sttong 
coolirg  (snow  and  salt)  a'Hl  with  mechauwcil  stirrirg.  The  addition  lasted  for  30  minutes.  After  completion  of 
the  addition  ard  intetmUirg.  stnrirg  wi»irontniied  for  a-cthcr  hour.  The  aqueous  solution  wm  then  poured 
off.  and  benzcr-c  added  »o  the  tema  ni'g  ejil.  This  caused  immediate  crystallization  of  the  oi^  and  its 
transformation  to  a  prec*p  rare  which  wa*  tfiltered  off  a^  washed  with  water.  The  substance  was  rccrystallucd 
from  water.  The  mel*i‘'g  po.rt  of  the  dr  eid  subs'arce  was  llO*.  Insoluble  in  water,  readily  soluble  in  alcohol 
and  acetore.  The  ni-hyd^'  react'on  was -negative,  the  a-^tisdride  reactjco  positive.  Finally  a  biuret  reaction  ap 
pea'ed  and  was  cl  ’be  *z  pept  de  type.  ^ r:rim  the  mciK'  aqvcous  (reutia!)  filtrate,  tiic  same  substance 
prec  ip.tated.  To’al  we  ght  of  the  subs-ancje  was  0,4  g.  whjch  cr  nstjtirted  Sl^of  theory. 

2.365  mg  s<jb‘ta'<e;  0.240  ml  ((23*.  148  mm).  3.215  mg  substance:  0.329  ml  N|  (24*.  742  mm). 

3.r<0mgsub‘ta-<e:  e.TSbmgOIV  1.440  mg  V?-  2.415  mg  substance:  5.122  mg  CQ,;  UOO  mg 

H|0.  Found  T*  11.51.  li.48.  C  b7.98.  57.88  H  5.C8.  5.09.  Ct4r^4N^Og  .  Calculated^:  N  11.29; 

C  58.06:  .M  4.84. 

7.  Lrte^act  or-  of  v  N  o-glycyld  ke-cp  pe-az.ne  w-.’*^  ca!bobenzo>yalan>!chioride.  0.6  g  of  N.N*- 
d-glycyldiketop'peraz'pe  hvd?ochli!'-d^  wi^  d  ssoJved  ir  1C  ml  of  wa’ei  ardO.3  gof  soda  in  '10  ml  of  water 
was  added.  t.ipc'  ci>c;.'g  (S'ov,  a-d  ^alt).  a;.d  mec‘ra:.<al  s’irtirg.  C.96  gof  carbobenzoxyalanylchloride 

n  10  ml  ol  absi-'ti'e  ethe  wa»  added  ’^.e  a-lut  o’’.  a-'s!  C.3  g  cf  soda  m  3  ml  of  water  added  simultaneously  . 
The  addition  laiMd  30  m  ru'es.  Ai’er  i  he-.:  cf  stitri-'g  zrjt  ethei  Uyci  was  separated  from  the  aqueous  layer  in 
a  separatory  funoe!  Tre  aq  jecus  f  .ltrate  iwas  cxtiac’ed  wim  ether  (three  ruiies). 

Analysis  o<  the  wa*et  f'lra*e.  The  aqueous  f  Itra'e  was  evaporated  to  dryness  in  vacuo  at  40*  on  a  water 
bath.  Absolute  alcohol  was  added  to  the  revalue  and  once  more  evaporated  to  dryness.  The  precipitate  in  the 
flask  was  transferred  to  a  filter  and  treated  icnce  mote  with  methanol,  !r  was  filtered  off  from  the  undissolved 
portion,  which  was  fou'd  to  be  SaCl.  Absc-  ute  ether  was  added  to  the  methanol  filtrate.  The  substance  which 
precipitated  out  was  f.l’C’ed  eff  a-’d  washed  with  absolu’e  er-«eT.  The  yieW  was  0.9  g.  which  constituted  75^ 
calculating  or.  the  bas.s  of  me  hyd'oe  HiOt.de  salt  c*  VN'-d.glycyldtketopiperazine.  The  substance 

melted  at  200*  with  decoirposit -or.  a-'d  was  read  ly  sol-j?>-e  L’i  water;  gave  a  biuret  reaction  of  the  tetrapeptide 
type  and  a  positive  anhydr.dc  reaction.  The  -  .•hydr-n  teac^’o?  was  rega’isc.  Trje  test  for  halogen  was  positive. 
Repeated  re  precipitations  f:?m  me'hyl  alccr'iol  by  e’her  were  cf  no  use.  The  difficulty  in  separating  the  substanc 
from  NaCl  promptea  »ne  a-'.V-rs  »o  repri*'  rhe  evpet.mc—.  carry’"'g  out  the  reaction  with  magnesium  oxide  inste 
of  soda. 


8.  Irtcraction  of  N.  V  •d.e!>cyld.i<e'~rmiT>gra2ire  witn  ca’boberzorvalanylchloride  in  the  presence  of 


magnesium  ox'de 


2HC1 


The  Synthes  j  of  ca'boben2r>«yala"yU:t)lr>'''de  wa'  ca 
chloroanhydr-de.  in  t^e  fo-m  of  ■?-'  ci!  was  w.rti  pe- 

0.8  g  of  N.N  d.glycyld.ke’op  pc’ag  •'s  wi-  dissolved  10  r 
carbobenzoxyala-ylchlor  de  *■>  absolu’e  etne  '  was  added  t;  ' 
a  mechanical  stmer.  Tne  jcd.'.io**  lasted  30  .m  nu’e*  the  *- 
Alter  ferm inatiO"  of  the  react. on  ('■eu’rai  meia.t;m).  the  p's- 
to  dryness  tn  vacuo  w  Th  he a  very  w; cos  but  transpi-e 
It.  the  resulting  piec-p  ti»e  »  Itered  off  and  ,^i,!ihed  o'  the  f- 
(Peilstein)  was  positive. 

Since  MgClj  is  solcb!;,  »•*  akohol  a~d!  ■f>!T'cc  the  resj 
was  left  for  the  night  under  a  layei  o*  abso'-xtie  elcohOi,  Tn 
tieated  on  the  same  ftlrei'  w  ’b  d'y  ca'bon  *'eo**ch*o'’  de  a’-d 
over  H,S04,  co^rao:  halogen,  j  was  -^oid  .ly  soluble 

the  ninhydrin  negafve.  The  biuret  reaction  w-as  of  ’he  ret' 
77^.  calculatma  or  the  bas  s  of  imbal  hvd  Pni*’T.lr\i  iHa  exit 


".ed  out  according  to  fiergmann.  The  resulting 
I  Cuin  eti-e'  a'd  then  dissolved  in  absolute  ether. 

•A  of  v*ater  a'd  0.3  g  of  MgO  added.  1.28  g  of 
-.e  solution,  with  ice  cooling  and  stirring  with 
lition  was  co'-iLCuously  stirred  for  another  hour, 
p.’a’e  was  filtered  off  and  the  solution  evaporated 
"*  o.-’.  was  fo-njed.  Absolute  alcohol  was  added  to 
."er  with  alcohol,  a  sJbsequent  test  for  halogen 
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During  attempts  lo  carry  out  the  biuret  reaction  with  2  N-alkali,  asymmetric  hydrolysis  of  this  compound 
was  observed  on  the  dtketcprperazine  ring,  and  with  further  decomposition  of  N.N*-carbobcnzcxyhexapcptlde  to 
2-carbobenzox>'tripeptide,  This  cleavage  was  confumed  by  a  spectrophotometric  curve,  indicating  an  equal 
mixture  of  terra-  and  tri-peptides.  As  a  result,  the  authors  suggest  a  decomposition  scheme  for  N.N*-dicarbo- 
benzoxyalanylglycyldiketopiperazine  under  the  action  of  alkali  (vide  Scheme  5). 

According  to  the  authors’  scheme.  2  molecules  of  protein  and  2  diketopiperazines  arc  linked  together 
by  2  tripeptides.  The  authors  have  simplified  this  scheme  somewhat,  and  having  utilized  the  reaction  which 
was  discovered  between  diacetyldiketopipcrazine  and  aminopyrimidines  [10]  (vide  Scheme  6).  the  authors 
tried  to  use  the  earlier-synthesized  N.N’-diglycyldiketopiperazine  by  combining  it  with  diacetyldiketopiperazine. 
The  reaction  proceeded  with  cleavage  of  acetic  acid,  and  as  the  result  it  was  possible  to  isolate,  analyze  and 
characterize  the  formation  of  two  rings,  first  the  diketopiperazine  ring,  and  second —dihydropyTazine,  linked 
by  nitrogeru  and  caf^bons  in  posit.ons  2  and  5  to  glycine  (see  Scheme  1,  A). 


9.  Interaction  of  N.N' ■diglycyldiketopiperazine  with  diacetyldiketopiperazine.  Two  grams  of  diacetyl- 
diketopiperazine  in  15  ml  of  alcohol  was  added  to  2.3  g  of  N.N’-diglycyldi’fvetopiperazine  in  20  ml  of  absolute 
alcohol.  On  shaking,  everything  dissolved.  The  transparent  solution  was  left  sunding  for  1  hour;  a  strong  odor 
of  the  ester,  ethyl  acetate,  was  noticed.  The  medium  was  basic.  Upon  passing  dry  hydrogen  chloride  into 
the  solution,  a  precipitate  formed,  which  was  filtered  off  and  washed  with  alcohol.  The  substance  was  recrystallized 
from  absolute  alcohol.  The  yield  was  3.0  g.  which  constituted  707<»  of  theory,  calculating  on  the  basis  of  N.N’- 
diglycyldiketopiperazine  taken  for  reaction.  Soluble  in  water  with  heating:  insoluble  in  alcohols,  gave  a  positive 
anhydride  reaction,  and  a  biuret  reaction  of  the  tnpepfide  type;  ninhydrin  reaction  was  positive  upon  prolonged 
healing.  M.p.  226*,  with  decomposition. 

1.830  mg  substance:  0.346  ml  N*  (23*.  743  mm).  3.211  mg  substance:  4.458  mg  CO,;  1.280  mg 

1^0.  3.117  mg  substance:  4,344  mg  CO,:  1.277  mg  11,0.  Found  N  22.06:  C  37.89,  38.03; 

H  4.13,  4.17.  CuH,tM^4Cl,.  Calculated  N  22.17;  C  38.00;  H  4.22. 

The  compound  obtained  (see  Scheme  l.A)  as  yet  is  not  the  simplified  model.  No.  2.  for  the  protein 
structure,  but  already  permits  the  planning  of  another  method  of  synthesis  of  quite  a  labile  structure,  which  may 
for  a  moment  exist  as  a  structural  fogment  of  the  protein. 
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SUMMARY 

1.  The  feasibility  of  eliminating  the  phthalyl  group  in  1.4-dlphthal5lgly<7l*2-5'<lik«««PGea2ine  by  the 
hydrazine  method,  with  formation  of  N,  N'-d’filycyldiketopiperazine,  has  been  dcmocstrated. 

2.  An  intermedute  compound  (V)  has  been  isolated. 

3.  N, N'Oiglycyldikrtopiperazine  (I),  Its  hydrochloride  salt  (II),  and  the  ciibobenzor?i«civative  (111) 

have  been  jynthesized.  _ 

4.  The  carbobenzoxy  derivative  of  N,N'-diglycyla’anine  .(IV)  has  been  obtauaed. 
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SPECTROPHOTOMETRY  OF  BIURET  COMPLEXES  AS  A  METHOD  OP 
INVESTIGATION  OF  PROTEINS  AND  PEPTIDES 

XVL  RELATIVE  ACTIVITIES  OF  COPPER.  NICKEL  AND  COBALT  IN  THE  FORMATION  OF  THE 

TRIPEPTIDE  BIURET  COMPLEX  (GLYCYL) 

M.  I.  Plekhan  and  E.  N.  Voluitkaya 

The  biuret  complexes  of  the  polypeptides  with  various  metals  (copper,  nickel  and  cobalt)  represent 
gnoupt  of  compounds,  each  possessing  peculiarities.  The  distinction  between  one  type  of  comjdex  and  die 
oither.  and  within  the  range  of  each  group,  is  displayed  with  an  obvious  variability.  In  a  series  of  copper  biuret 
cmmplexes,  the  traiuition  from  one  type  of  complex  to  the  next  is  quite  evident,  but  the  clearest  is  found  to  be 
tte  transition  from  the  violet  complex  of  the  tripeptide  to  the  red  complex  of  the  tetrapeptide  (and  vice  versa 
[11:2.3]).  This  transition  is  marked  by  a  shifting  of  the  absorption  nuximum,  with  an  increase  in  absorption 
limsTBity  in  the  short  wave  range,  and  with  a  considerable  decrease  in  absorption  in  the  long  wave  range.  For 
s  ^series  of  nickel  complexes  [4],  transition  from  the  orange  complex  of  the  tripeptlde  to  the  canary  yellow 
cmmplex  of  the  tetrapeptide  is  manifested  chiefly  by  a  decrease  in  the  absorption  intensity  in  the  range  600-730 
rmiUimicrons,  which  is  not  so  clearly  evident  at  low  concentrations.  However,  the  transition  from  the  orange 
coimplex  of  tripeptlde  to  the  blue  complex  of  the  dipepnde  is  so  clearly  evident  that  it  can  serve  as  an  indicator 
fin:  ihc  appearance  of  diy-.ptldes  in  the  solution. 

For  the  group  of  cobalt  complexes  [4].  the  most  intensive  application,  in  a  practical  sense,  is  found  to  be 
thaxt  contrast  which  gives  a  reaction  of  the  cobalt  complex  of  the  dipeptide,  and  the  absence  of  reaction  with  amino 
acuds. 

Thus  the  use  of  various  metals  in  the  biuret  reaction  has  definite  advantages,  since  it  permits  utilization  of 
the  most  characteristic  peculiarities  for  each  gtoup  of  complexes.  In  the  first  stages  of  decomposition,  as  a  study 
of:  enzymatic,  acid  and  alkaline  hydrolysis  by  the  authors  has  indicated,  dipeptides  do  not  appear,  but  rather 
fomnation  of  chains  longer  than  tripeptides  proceeds,  with  a  correlation  in  changes  bom  violet  to  red;  therefore, 
iir.ttbe  early  stages  of  decomposition,  of  greatest  interest  is  perhaps  the  application  of  the  biuret  reaction  with 
cojppet. 

After  1-1.5  hours  of  acid  and  of  alkaline  hydrolysis  of  gelatins  the  appearaiice  of  dipeptides  was 
obsicTved,  the  quantity  of  which  increased  within  a  period  of  30  hours.  At  this  stage  of  decomposition,  the  use 
offmickel  complexes  was  found  to  be  especUlly  valuable.  In  the  same  cases  of  hydrolysis,  where  comjlete 
d«rj)mposition  to  the  amino  acids  is  required,  use  of  the  reaction  with  cobalt  should  be  an  accurate  indicator 
oltterminatlon  of  the  reaction. 

The  question  returally  arises  whether  a  simultaneous  biuret  reaction  course  with  several  metals,  or  a 
reairtion  course  with  oie  of  the  metals  in  the  preseiKC  of  the  already-formed  ccmplex  of  another  metal,  would 
be  ipossible.  A  prerequisite  condition  for  this  is  found  to  be:  a  difference  in  the  formation  activity  of  the  biuret 
cormplex  with  various  metals:  a  difference  in  which  it  would  be  possible  to  arrange  copper,  nickel  and  cobalt 
iir .01  given  sequence  of  increasing  activity:  a  sequence  in  which  one  metal  would  be  able  to  displace  another 
(mtstal)  from  the  complex  under  any  conditions. 

The  authors  have  tried  to  determine  experimentally  wliether  such  a  phenomenon  in  reality  does  occur. 
Expwrimcnti  on  the  relative  activity  of  biuret  complex  formation  for  the  glycyl  trlpeptide  with  copper,  nickel 
an(h< cobalt  were  carried  out. 

Experiment  1  rCu  ♦  Ni  ■>  Col.  A  solution  of  the  copper  biuret  complex  of  glycyl  ttipepUde  was  obuined 
(0.,Q0032  M),  the  spectiophotometric  curve  •  of  which  is  given  in  Fig.  1  (Curve  I). 

'if^ctrophotometry  was  carried  out  in  a  Konig-Martens  machine.  . 
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Fig.  1.  Spec iro photometric  curves  for  mutual 
displacement  of  Cu,  Ni  and  Co  in  tr.e  biuret 
complexes  of  the  tripeptide  (0.0032  M). 


one  of  the  metals  m  the  complex.  Thus  in 
sequence  of  appearance  in  solution  of  Cu  ♦  Ni 
copper,  nor  each  other. 


3  ml  of  0.21  M  nickel  sulfate  was  added  to  13  ml  of  | 
a  solution  of  the  copper  biuret  complex.  After  1.5  hours, 
a  spectrophotometric  curve  was  taken,  II  (FIg.l),  (the  color 
of  the  solution  being  dark  violet).  2  ml  of  0.24  M  cobalt 
sulfate  solution  was  then  added  to  10  ml  of  the  Cu  ♦  NI 
biuret  complex.  After  2  hours.  Curve  HI  (Fig.  1)  was  taken. 
This  experiment  showed  that  the  appearance  of  nickel  In 
a  solution  where  the  copper  complex  exists  leads  to  a 
decrease  in  the  absorption  intensity  over  the  entire  range 
of  the  spectrum  from  480  to  730  irfllimicrons.  A  very 
strongly  depressed  absorption  was  noted  In  the  wave  length 
rai>ge  560-600  millimicrons.  The  position  of  the  absorption 
maximum  was  shifted  toward  the  long  waves,  and  stopped 
at  590  millimicrons.  These  changes  attest  to  the  fact  that 
nickel  partially  supplants  copper  In  the  complex.  A 
mixture  of  two  complexes  is  formed  —of  the  copper  and 
nickel  complexes.  The  addition  of  cobalt  to  Uiis  mixed 
solution  led  to  a  considerable  increase  of  absorption  for 
wave  lengths  480-590  millimicrons.  i.e.,  on  the  very 
section  of  the  wave  length  where  the  cobalt  complex 
possesses  the  maximum  absorption  intensity.  The  position 
of  the  maximum  was  shifted  toward  the  short  waves  and 
stopped  at  wave  length  560  millimicrons.  Cobalt  supplanted] 
the  solution  resulted  a  mixture  of  all  three  complexes.  In  the 
♦  Co.  neither  nickel  nor  cobalt  were  able  completely  to  supplant 


Experiment  2  (Ni  •»  Co  Cu).  A  0.24  M  solution  of  C0SO4  was  added  to  the  orange  solution  of  tripeptide 
biuret  complex  (Fig.  2,  Curve  I).  After  two  hours.  Curve  n  (Fig.  2)  was  taken.  A  change  in  the  character  of 
absorption  occurred,  which  indicated  that  cobalt  partially  supplants  nickel  in  the  complex.  A  mixture  of  the 
nickel  and  cobalt  complexes  resulted.  Cupric  hydroxide  was  added  to  this  mixture  and  after  1  hour.  Curve  III 
was  taken,  which  showed  that  copper  very  strongly  supplants  both  nickel  and  cobalt.  Curve  IIL  on  the  whole, 
resembles  the  curve  for  the  copper  biuret  complex  of  the  tripeptide.  Only  the  existence  of  a  considerably  higher 
absorption  in  the  short  wave  lengths,  instead  of  the  long  wave  lengths,  suggested  that  any  cobalt  complex,  and 
also  possibly  nickel  complex,  vee  present  in  the  solution.  In  the  sequence  Ni  ♦  Co  ♦  Cu,  the  predominant,  but 
not  complete,  activity  belongs  to  copper. 

Experiment  3  (Co  Ni  Cu).  The  red-brown  solution  of  cobalt  biuret  complex  of  the  tripeptide  (Fig.  3, 
Curve  I)  was  mixed  with  nickel  hydroxide.  Curve  II  (Fig  3)  indicated  that  nickel  displaced  cobalt  but  very 
little.  The  addition  of  copper  to  this  solutiort,  likewise,  showea  negligible  effect.  In  Fig.  3  (Curve  III)  it  can 
be  seen  that  absorption  in  the  wave  length  range  5  30  to  730  millimicrons  increases  but  little.  Copper  partially 
supplants  cobalt.  But  as  a  whole,  the  curve  preserves  its  outline  inherent  for  the  cobalt  complex  of  the  tripeptide. 
This  experiment  indicates  that  in  tlie  sequence  Co  ♦  Ni  Cu,  the  cobalt  complex  possesses  the  greatest 
stability.  Apparently  the  ability  of  a  metal  to  form  a  stable  complex  is  a  property  to  which  is  not  imparted  a 
simultaneous  ability  to  displace  a»'othet  metal  from  its  complex. 

In  Experiment  1  copper  displays  an  ability  to  form  quite  a  stable  complex,  and  in  Experiment  2  qiiite  a 
high  activity  as  compared  with  Ni  and  Co,  but  in  the  3rd  EvpiMiment  copper  has  negligible  ability  for  displacing 
Co.  Nevertheless,  on  the  basis  of  these  experiments  it  can  be  concluded  that  the  activity  of  complex  formation 
and  the  stability  of  the  complex  is  lowest  for  nickel.  Although  none  of  the  metals  display  absolute  predomiitant 

activity  of  complex  formation,  none  the'  less,  they  can  be  arranged  in  a  decreasing  order  as  follows:  copper - - 

cobalt  ►  nickel.  (There  is  iregligible  displacement  of  copper  by  nickel  and  cobalt,  cobalt  is  practically 
unreplaced  by  nickel  or  copper,  and  nickel  is  completely  rejxlaced  by  copper,  but  only  negligibly  so  by  cobalt). 
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Fig.  2.  Spec tropho tom etric  curves  for  mutual  Fig.  3.  Speetrophotometrlc  curves  of  mutual  replacement 

displacement  of  Ni,  Co  and  Cu  in  the  biuret  of  Co,  Ni/and  Cu  in  the  biuret  complex  of  trlpeptlde 

complexes  of  the  tripeptide  (0,032  M).  (0.0014  M). 


These  data  do  not  coincide*  with  the  observations  of  lesserer  [5.6]  who  analytically  studied  the  stability  of 
Cu.  Ni  and  Co  casein  complexes,  and  who  found  that  nickel  and  cobalt  displace  copper.  Copper  itself,  in  hu 
opinion,  was  unable  to  displace  either  nickel  or  cobalt. 

SUMMARY 

The  simultaneous  introduction  of  several  metals  into  the  biuret  reaction  compl'cates  the  picture  of 
complex  formation:  therefore,  application  of  the  biuret  reaction  With  various  metals  is  best  carried  out  only 
by  separate  tests  with  each  metal. 
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A  NEW  METHOD  FOR  THE  INTtODOCTION  OF  FLUORINE  INTO  THE  AROMATIC  RING 

A.  I.  Titov  and  A.  N.  Baryshnlk.ova 

The  only  applicable  method  for  uwxoducing  fluorine  Irto  the  aromatic  ring  up  to  the  present  tune  has 
bee-  decomposition  of  arylduzonium  fluoride  or  borofluorlde  fll 

Recently  the  authors  fourd  that  tftie  interaction  of  phenylhydroxylamlne  with  anhydrous  hydrogen  fluoride 
produces _p-fluoroanlline  in  good  yield:  « 


The  mechamsm  for  this  discovereid  reaction  may  be  presented  as  follows: 


H 


Arylhydroxylamine  (I)  in  hydrogjtn  fluor.-de  forms  an  ammonium  cation  (II )  or  oxonium  cation  (II).  The 
latter,  under  the  uifluecce  of  strorg  acidL.  splm  water  ard  converts  into  the  anhydro-cation  (UQ.  Due  to  the 
presence  on  the  p-carbon  of  this  caaon  with  a  *6  charge,  it  adds  the  fluoride  ion  and  forms  a  quinoid  * 
product  (IV),  whose  prototrepic'  transforcnation  leads  to  formation  of  ^-fluoroaniline. 

The  mechanism  so  presented  very  readMy  explains  the  various  transformations  of  aryihydroxylamines  under 
the  influence  of  acids  when  a  thud  ccmponent-amine.  alcohol,  or  other  substances  [2]  as  involved  Ir.  the  reaction. 
The  data  obtained  by  the  authors  n  the  jr  experiments  prompted  them  to  adopt  an  inrermolecular  character  of 
arylhydroxylamine  regrouping,  and  to  reject  the  generally  accepted,  up  to  the  present  time,  interpretation  of 
these  reactions  as  being  irtramolecular  pcoccsses  (3], 

Description  of  the  Expertmerr 

8  g  of  phenylhydroxylamlne,  m  scnall  portiois.  was  introduced  at  0*  into  35  ml  of  aohydrous  hydrogen 
fluoride  placed  in  a  copper  crucible.  A‘-ier  standiitg  for  2  days  at  ♦10*.  the  reaction  ma>r  was  poured  into 
potash  solution  and  the  mixture  ste'ara  d.Ktilled.  The  disullate  fraction  was  saturated  with  salt  and  extracted 
with  ether.  After  dryung  the  extract  and  distilling  the  erher  off.  3,8  g  ol  oil  remained,  which  distilled  at 
about  86*  under  20  mm  pressure!  spec  £.c.  grav.ty  of  the  dist  Jlatc  fraction  a*  20*  was  1.156.  These  constants 
corresponded  to  the  literature  data  for  tbe  properties  of  fluoioanilire.  Heating  0.3  g  of  the  amine  with  0.6  g 
of  acetic  anhydride,  with  subsequert  waocr  ticatmert,  gave  0.41  g  of  the  acetyl  derivative,  melting  at  143-145*. 

A  Single  recrystallization  from  alcohol  gave  ^-fluoroacetanilide,  with  m.p.  150.5*.  which  coincided  with  the 
literature  data  for  this  product:  upon  heating  its  mixed  sample  with  known  p-fluoroaceianilide,  rjy  m.p. 
depression  was  observed. 

SUMMARY 

A  new  method  for  introducing  £I  jaririe  ir.to  the  aromatic  ring,  using  the  conversion  of  phenylhydroxylamire 
to^  fluoroaniliric  in  anhydrous  hydrogen  fluoride  as  an  example,  has  been  discovered.  A  reaction  mechanism  hat 
beer  given. 
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THE  INTERACTION  OF  a-OXIDES  OF  THE  VINYLACETYLENE  SERIES  WITH 
OXYGEN-CONTAINING  AND  WITH  ORGA  NOMAG  NESIUM  COMPOUNDS.  Ill 

F.  Ya.  Perveev  and  N.  I.  Kudryashova 


Despile  the  many  investigations  in  the  field  of  study  of  olefin  oxide  interaction  with  organomagnesium 
compounds,  there  has  been  little  study  with  regard  to  the  position  at  which  the  oxide  ring  is  broken  as  related 
to  structural  features  of  the  molecules.  To  clarify  this  problem,  the  authors  have  investigated  interaction  of 
organomagnesium  compounds  with  oxides  of  the  virylacetylene  series.  As  the  objects  of  investigation, 3-methyl* 
oxido-2,3-hepten-6-yne-4  (1)  and  2-methyloxido-l,2-hexen-5-yne-3  (II)  were  selected: 


C1^=CH-C-C 

(I) 


CH-CH,; 


CH^=CH-C~C-C - CI^. 


CH, 


(ID 


CH, 


The  vinylacetylene  alcohols  were  synthesized  in  the  usual  manner.  An  ether  solution  of  the  oxide  was 
gradually  added  to  an  ether  solution  of  the  organomagnesium  compound  with  strong  cooling  (ice  and  salt) 
and  stirring.  During  the  interaction  of  ethylmagncsium  bromide  with  3-methyIoxido-2,3-hepten-6-yne-4  (I), 
an  alcohol  was  isolated  in  54*^  yield  —a  mobile  liquid  of  pleasant  odor,  which,  in  the  absence  of  antioxidants, 
became  viscous  upon  standing  in  air,  and  then  transformed  into  a  glassy  mass.  One  of  three  possible  isomeric 
alcohols  might  have  been  expected: 


(III)  CI^=CH-C“C-C(CH,)(OH)CH(CH,)C,l^, 

(IV)  CH,=CH-C=X'-C(CH,)  (C,Hj)CHOH-CH,. 

(V)  CI%=CH-C  — C-CH(CHi)C(CH,)(OH)C,H,. 

The  last  alcohol  might  have  formed  as  a  result  of  preliminary  isomerization  of  the  oxide  to  the  ketone 
under  the  conditions  of  the  synthesis. 

In  order  to  determine  the  resulting  structure,  the  product  was  isomerized  in  the  presence  of  mercury 
sulfate  in  methanol  solution  (1).  After  processir^  of  the  reaction  mixture,  the  initial  product  was  isolated.  It 
is  known  R]  that  during  the  isomerization  of  secondary  a-vinylethynylcarbinols.  saturated  dialkoxyketones  result, 
and  upon  isomerization  of  tertiary  a-vinylethynyl  carbincls,  unsaturated  monoalkoxyketones  predominate. 

No  neutral  ];xoducts  were  found  during  oxidation  by  KMnO,  in  the  cold,  nor  after  boiling  of  the  acidified 
solution  of  obtained  substance.  This  irxlicated  the  absence  cf  a-hydroxyacid.  which  cccid  have  formed  during 
oxidation  of  the  alcohol  (HI).  Among  the  oxidation  products,  oxalic  acid  in  the  form  of  the  Ca-salt  of  the  acid, 
corresponding  to  the  composition  C7H.4O,.  was  found.  On  the  basis  of  these  data,  the  authors  have  assigned  the 
structure  (IV)  to  the  product  synthesized. 

Upon  condensing  the  oxide  (I)  with  vinyUcetyler.emagnesium  bromide,  an  alcohol  was  synthesized, 
consisting  of  a  colorless,  mobile  liquid,  with  b,p.  103-104*  at  6  min.  The  crude  product  explodes  upon  heating 
above  140*.  (Distillation  was  carried  out  in  small  lots.)  The  purified  substance  was  found  to  be  a  relatively 
stable  compound.  Upon  storage  in  air  it  becomes  yellow  after  several  days.  The  alcohol  remains  unchanged, 
except  for  negligible  resinification,  upon  treatirg  with  SOJfc  HJSO4.  Upon  hydiogenating  in  alcoholic  solution 
over  Raney  Ni.  a  theoretical  volume  of  hydrogen  was  absorbed  (calculating  for  two  double  and  two  triple  bonds) 
with  the  formation  of  a  saturated  alcohol  with  b.p.  95*96*  at  6  min.  The  authors  were  unable  fully  to  determine 
the  structure  by  ozonization  and  oxidation:  however,  the  stability  with  regards  to  1%S04  indicated  the  secondary 
character  of  the  alcohol  (VI): 

CH, 

I 

(VD  CI^=CH-C=rC-C*C  C-CH=CH. 

illOH 

I 

CH, 


363 


Upon  interacting  ethylmagncsium  bromide  with  2-methyloxido-1.2-hexen-6-yne-3  (H).  an  alcohol  with 
b  72-73*  at  4  mm  was  isolated  —a  colorless  mobile  liquid.  It  gradually  polymerized  upon  storage  In  air.  In 
methanol,  with  mercury  sulfate  present,  it  did  not  isomerize.  The  Ca-salt  of  the  acid,  composition  CfHgOi,  was 
separated  among  the  oxidation  products.  Thus,  on  the  basis  of  the  data  obtained,  the  authors  gave  the  structure 
(VII)  to  the  compound  synthesized: 

(VH)  CH=CH-C=C“C-CHOa 
CH, 

The  absence  of  secondary  6-vlnylacetyler.e  alcohol  also 
(C  l^=C  H-C=C-CH(CH,)CH0H-C,1V 

Indicated  the  fact  that  the  Isomerization  product  of  the  given  oxide  does  not  react  with  organomagnesium 
compounds. 

By  condensing  the  oxide  (II)  witn  vinylacetylenemagnesiura 
bromide,  an  alcohol  was  synthesized  -a  mobile,  gradually-polymerizi 
liquid.  It  was  not  changed  by  treatment  with  50^  H|^4*  Thermally 
unsuble.  Exploded  upon  heating  above  140*.  Was  fully  hydrogenated 
over  Rar,ey  nickel  in  alcoholic  solution.  The.  hydrogenation  curve  is 
given . 

The  authors  have  assumed  structure  (VIII)  for  the  synthesized 

alcohoU 

r 

:=:c-c-c=< 


(v;ji)  cn=CH-c: 


:C-CH  =  CI%. 


CiV^H 

Thus  it  has  been  established  that  during  interaction  of 
asymmetrically-disubstituted  and  trlsubstituted  oxides  of  the  vinylacetylene  series  with  organomagnesium  compounds 
primary  and  secondary  alcohols  are  respectively  formed,  i.e..  rupture  of  the  oxide  ring  occurs  at  that  carbon  which 
is  directly  adjacent  *'■  the  triple  bond,  while  the  olefin  oxides  of  similar  structure  (3)  give  .respectively, 

secondary  and  tertiary  alcohols,  i.e.,  rupture  of  the  oxide  ring  occurs  at  the  more  hydrogenated  carbon  atom. 

This  difference  In  rupture  of  the  oxide  ring  is  explained  by  the  fact  that  rupture  of  the  oxide  ring  occurs 
under  the  action  of  organomagnesium  compounds  at  the  more  positively-charged  carbon  atom.  Just  as  the  triple  . 
bond  has  the  ability  to  attract  electrons  to  itself,  Ln  a  manner  similar  to  that  of  the  carbonyl  groups,  so  there  is 
always  produced  at  the  a  -carbon,  atom  of  the  ox*.de  a  more  positive  charge. 


R-CE^C  - C - CHR’ 

CHj 

EXPERIMENTAL 

1.  Synthesis  of  3  methyl-3  ethyl  -hepten-B  yre  4-ol -2  (IV).  30  g  of  the  oxide  (1).  diluted  with  a  Uiplc 
volume  of  absolute  ether,  was  gradually  added  to  an  ether  solution  of  ethylmagnesium  bromide.  The  reaction 
flask  was  cooled  (ice  ard  salt).  The  y  e!d  of  alcohol  is  decreased  when  cooling  is  inadequate.  After  all  of  the 
oxide  was  added,  the  reaction  mixture  was  left  overnight.  The  organomagnesium  complex  was  then  decomposed 
with  a  30  ^  solution  of  acetic  acid.  The  ether  solution  was  separated,  the  aqueous  ~ treated  twice  with  ether. 
The  ether  extract  s  were  dried  with  Na^SO^^  The  ether  was  distilled  off  and  the  remalng  product  redistilled 
in  vacuo.  After  a  triple  distillation,  20  g  (54'?:)  of  the  alcohol,  with  b.p.  81-62*  at  10  mm.  resulted;  dj  0.9216; 
di*  0.9002:  n[}  1.4824;  MRq  48.23;  calculated  47.44. 

0.0765.  0.0944  g  substance:  0.2206.  0.2715  g  CO^;  0.0727,  0.0897  g  i^O.  0.1448.  0.1227  g  substance: 

24.3.  20.1  ml  CH4(19*,  766.0  mm).  Found  %  C  78.68,  78.75;  H  10.63,  10.68;  active  H  0.681,  0.681. 

CioHiiP.  Calculated  <%:  C  78.89;  H  10.59;  active  H  0.662. 
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Oxldabon_of  the  alcohol  (IV).  This  was  carried  out  In  the  cold  with  y>}o  KMn04  solution.  9.4  g  of  the 
substance  was  taken  and  48.5  g  of  KM(>04  was  used  for  the  oxidation.  The  MnO,  was  filtered  off  and  washed 
with  hot  water.  A  portion  of  the  solution  was  distilled  off  from  the  filtrate,  in  which  neutral  substances  were 
not  found.  The  remaining  solution  was  then  evaporated  to  a  small  volume,  acidified  with  10^  1^804,  and 
boiled  under  reflux.  With  further  treatment,  neutral  substances  and  volatile  substances  were  not  found.  Among 
the  non-^olatlle  substances,  oxalic  acid,  with  m.p.  182*  was  isolated  (mixed  sample  did  not  give  depression) 
and  an  hydroxyacid  of  the  composition  which  was  isohted  as  follows:  the  basic  solution,  after 

removal  of  the  volatile  acids  by  distillation,  was  treated  with  ether,  the  ether  evaporated  and  to  the  remaining 
oily  product,  15  g  of  calcium  carbonate  and  50  ml  cf  water  added.  The  inixture  was  boiled  under  reflux  for 
2  hours.  The  precipitate  was  filtered  off  and  washed  several  times  with  water.  The  filtrate  was  evaporated 
in  v.‘'x:uo.  The  remaining  viscous  mass  was  placed  in  a  vacuum  desiccator.  The  resulting  slightly-yellow  powder 
was  dried  to  constant  weight  at  105-110*,  and  was  calcined. 

0.0876  g  substacce:  0.0140  g  CaO.  Found  Ca  11.5.  (C|H^O«),Ca.  Calculated  <5fc:  Ca  12.1. 

2.  Synthesis  of  2-merhyl-2  <thylherer:-5^ne-3^M  (VI!)  17  g  of  the  subsunce  (66.5'55)).  with  b.p.  72-73* 
at  4  mm  was  obtained  from  20  g  of  the  oxide  (I^:  4*  0.9C41;  nj  1,4389:  MRq  44.1:  calculated  42.9. 

0.1146,  0.0979  g  substar.ee:  0.3323,  0.2798  g  COj;  0.1063,  0.0901  g  1^0.  0.1487,  0.1369  g  substance: 

26.02,  23.82  ml  CH4(18*.  773  mm).  Found  %  C  78.05.  78.00;  H  10.38,  10.30:  active  H  0.738,  0.734. 

C,Hi40.  Calculated  %  C  78.21;  H  10.21;  active  H  0.729. 

Oxidation  of  alcohol  (VI!).  Th:s  was  carried  out  by  the  above -indicated  procedure.  5.5  g  of  the  substance 
was  taken,  and  33  g  of  KMr04  was  used  for  the  oxidation.  No  neutial  products  were  found,  nor  any  volatile  acid 
among  the  oxidation  nrodjcts.  An  hydroxyacid  of  composition  CjHjjOj  was  found. 

0.1272  g  substance:  0.0230  g  CaO.  Found  Ca  12.92.  (CeHaOj)4Ca.  Calculated  ‘Jt:  Ca  13.17. 

3.  Synthesis  of  alcohol  (VI).  40  g  of  dry  vinylacetylene  was  passed  into  an  ether  solution  of  ethylmagnesiuro 

bromide.  The  reaction  mixture  was  left  for  the  night.  Then,  with  cooling  (ice  and  salt),  34  g  of  the  oxide,  diluted 
with  a  triple  volume  of  absolute  ether,  was  added  dropwise.  A  strong  resinification  was  observed.  After  all  of  the 
oxide  had  been  added,  stirring  was  continued  for  another  3  hours.  The  resulting  organomagnesium  complex  wa$ 
decomposed  with  307o  acetic  acid  solution^  The  ether  layer  was  separated,  and  washed  with  water:  the  aqueous  layer 
—ir  eaied  three  times  with  eiher.  The  ether  extracts  were  added  to  the  K»sic  sjlution  and  dried  over  NaiSO^.  ^ 
The  ether  was  distilled  oft,  and  the  remaini,'g  ptoifuct  redistilled  in  vacuo.  20  g  of  the  alcohol,  with  b.p.  103-104* 
at  6  mm,  was  isolated;  dj  d^*  0,9399:  r.^  1.5225,  MRq  56.6;  calculated  54,2. 

0.1461,  0.0830  g  substance:  0.4576.  0.2821  g  CO|:  0.1085,  0.0693  g  1%0.  0.0922,  0.1153  g  subsunce; 

13.3,  15.9  ml  CH4  (17.5*.  755.8  mm).  Found  ‘Jt:  C  82.67.  82.71:  H  8.30,  8.33:  active  H  0.596,  0.596. 

CuHi/>.  Calculated  <5b:  C  82.83;  H  8.11:  active  H  0.578. 

Hydrogenation  of  alcohol  (VZ)  was  carried  out  over  Ra-'^ey  Ni  iri  absolute  alcohol.  10.5  g  of  the  substance 
was  taken.  8.2  liters  of  hydrogen  was  used.  The  calculated  volume  was  8.1  liters.  After  completion  of  the 
hydrogenation,  the  catalyst  was  fil'eted  off  and  the  ethyl  alcohol  distilled  in  vacuo.  The  remaining  product 
redistilled  at  a  temperature  of  i07-i08*  at  10  mm.  There  resulted  a  colorless  Itqu.d  with  famt  odor;  d*  0.8609; 
di^  0.8458;  ng  1.4471;  MRq  58,9;  calculated  59.1. 

0.0925,  0.1018  g  substance:  11,9,  13.0  ml  CH4  (20*.  754  mm).  Found  active  H  0.524.  0.520. 

CijHjP.  Calculated  *51):  active  H  0.S41. 

4.  Synthesis  of  vlcohol  (VT!).  40  g  of  the  o*’de  (i’)  was  taken.  23  g  of  the  substance,  with  b.p.  109*110* 
at  8  mm  resulted.  The  alcohol  cot'sisted  of  cosoiless  I  .quid  which  turned  yellow  on  standing,  d*  0.9668:  84* 
0.9476;  njj  1.5292:  MRq  52.09;  calculated  49.58. 

0.0799,  0.0836  g  substance;  0.2410,  0.2526  g  CO^;  0  0553,  0,0563  g  H,0.  0.0830,  0.1136  g  substance; 

13.3.  17.6  ml  CH4  (21*.  753  mm).  Fourd  <^:  C  82.26,  82.39;  H  7.65,  7.53;  active  H  0.645.  0.627. 

Calculated  <7o:  C  82.5;  H  7.5;  active  H  0.630. 

Hydrogenation  of  alcohol  (Vlli).  Th.s  was  carried  out  ovei  Raney  Ni  in  absolute  alcohol.  3.5  g  cf  substance 
was  taken.  3052  ml  of  hydrogen  was  used  for  the  hydrogenation  (19*.  767  mm).  The  calculated  volume  of  hydrogen 
was  2940  ml.  A  substance  with  b.p,  95*  to  96’'  at  7  mm  resulted  -a  coloiless  liquid  with  faint  odoi;  d4  0.8427; 
njj  1.440;  MRq  53.8;  calculated  54.5. 

0.0920.  0.0986  g  substance:  14.3,  13.9  ml  CH*  (19*.  '^^2  mm).  Found  active  H  0.635,  0.575. 

CijHiA  Calculated 'Jt:  active  H  0.586. 
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